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SAFETY ANALYSIS OF THE 8" LOW-PRESSURE HELIUM
HEADER SYSTEM rOR THE ENERGY SAVER

Joel Misek and C. Thornton Murphy
February 4, 1983

Abstract

The 8" diameter low-pressure helium recollection
header system of the Energy Saver is analyzed to determine
a safe upper 1imit for the pressure which it can tolerate
during quenches without rupturing or breaking anchors.
This system begins with the Kautzky relief valves which
vent heljum from each magnet into the 8" header and ends
with the 6 psi relief valves on the header itself on top
of each refrigerator building. A1l components of the
system which are stressed during a quench are
individually analyzed. The analysis includes both
engineering calculations and empirical destructive
testing performed when calculations were not viable.

The conclusion is that the system can tolerate pulsed
pressures of 100 psig, with safety factors varying
between 2 and 4. A failure-mode analysis of the
Kautzky relief valve is also included.

I. Introduction

The 8" helium header is part of the satellite refrigerator
gas piping system. The header serves as the suction return line
for the compressors as well as the main magnet relief exhaust
1ine and cooldown flow-collection line. This 8" diameter,
Schedule 5, 304 stainless steel pipe is located in the tunnel
adjacent to the Main Ring magnets and is continuocus around the
circumference of the ring.

The 8" header leaves the tunnel only at the 24 refrigerator
buildings (feedcan regions) and at the six compressor buildings
(straight section regions). In the tunnel, the header has
expansion joints (hydroformed bellows) every 200 feet and two
in-1ine isolation valves between each of the 24 cryoloops (see
Fig. 1).” The primary relief valves for the system are 8"
diameter spring-loaded, paralled-plate relief valves on top of
each refrigerator building set to crack at 6 psig and similar
valves at each compressor building which crack at 12 psig.
These valves vent outdoors. Secondary relief is provided by
a pair of 4" diameter spring-loaded, parallel-plate relief
valves in the tunnel at each of the 18 double-turnaround (DTA)
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regions set to crack at 50 psig. These valves are expected to
vent to the tunnel only during an exceptionally global quench
or in the event of the failure of one of the outdoor relief
valves.

II. Operating Modes

The three different operating modes of the 8" header
system impart a variety of design considerations on the system.
As a low pressure suction line, the header must be capable of
moving gas with minimal pressure drop. This mode of the system
need not be discussed as it has no impact on safety.

The magnet cooldown flow mode causes the maximum localized
thermal contraction of the header. To accommodate this pipe
contraction in the expansion joints without exceeding the
recommended stroke, it was required that more than one expansion
joint participate in the accommodation of a very local cold
spot. This is achieved by anchoring the system only every 400
feet and mounting the pipe on rollers whose total resistance to
motion is negligible compared with the expansion joint spring
rate. Thus, three expansion joints share any thermal contrac-
tion by pulling sections of pipe along the rollers.

In the cooldown mode, the header also sees the phenomenon
of pipe bow caused by stratified two-phase flow which creates
a temperature gradient in the cross section of the pipe.
Because of this bow, consideration has to be given to bracket
strength and to the clearance between the flexhose and the Main
Ring magnets.

The final mode of operation considered is that of the main
magnet relief exhaust line, or quench relief mode. The Kautzky
relief valves which are attached to each dipole and spoolpiece
(1373 in number) vent into the 8" header through flexhose when
magnets quench or are overpressured for some other reason. It
is in this mode that the header sees the maximum pressure and
maximum forces on anchors. Extrapolation of data gathered during
full-sector quenches in A-Sector (see Appendices D and E)
indicate that the peak header pressure will be 90 psig at 4440
amps (corresponding to a proton energy of 1 TeV). Some perspec-
tive on the level of hazard involved in the event of a massive
rupture of the header is gained by noting that the stored energy
of the header at the peak of a full-sector quench is 24 mega-
joules per sector.

Protection of the magnets from damage resulting from over-
pressurization during the full current quenches is a governing
factor in the pressure limitations and relief valve pressure
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settings on the 8" header. The Kautzky vatlve relief pressure is
set at 34 psig, a factor two above the normal operating pressure
of the cryostat, but low enough that good flow is established
before the peak pressure of the quench. The relief valves on

the header above the refrigerator buildings are set to crack

at 6 psig. This pressure is set to limit operational problems

of valve reseating and gas inventory losses. The 12 psig relief
setting of the relief valves at the compressor buildings is
chosen to limit supercharging of the compressors during a quench.

The pressure drop in the vertical riser leading from the
tunnel to the refrigerator building relief valves is sufficiently
great that additional in-tunnel relief valves are necessary to
protect both the header system and magnet cryostats against
excessive pressures during a massive quench 1in which all the
magnets in two adjacent cryoloops quench simultaneously. This
fact was recognized when the header system was designed. Data
taken at low currents in A-Sector before the in-tunnel relief
valves were installed confirmed this fact. Two such valves are
placed at each DTA region - half way between refrigerator
buildings - with cracking pressure set to 50 psig. This pressure
was set to be high enough that the relief valves would not open
during any conceivable accident when people were present (such
as a bore tube vacuum rupture - see comments below). In addition,
these valves will open only rarely at times when people are not
permitted to be present; i.e., when the Energy Saver magnets are
energized. These in-tunnel relief valves do not open during
single-cell or even full cryoloop quenches, but only when two
adjacent cryoloops quench at a current higher than 2500 amps.

George Mulholland has thought through a variety of possible
accidents which might lead to header pressures in excess of 50
psig when people are permitted to be present (see Appendix A).
The worst case which he finds is a massive bore-tube vacuum
rupture at the feedcan region of the cryoloop. MWhether the
header pressure would exceed 50 psig in this instance was
deemed "too close to call.”

III. Forces

Expansion joints are employed in the 8" header tunnel
piping to adsorb contraction initiated by cold gas. At loca-
tions where the pipe axis changes direction, as at an eltbow,
the pipe needs to be anchored in order to protect the expansion
joint against overextension. In the design of these anchor
points, the forces which set on them must be determined. The
thrust force generated by an internal pressure in an expansion
joint is equal to the product of the pressure and the thrust
area, which in our case is 62 in2. Thus forces of this type have
a maximum of 5600 1bs. given a peak header pressure of 90 psi.
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The installation of the 8" header required that saome
expansion joints be preloaded or precompressed by one inch on
installation in order to improve cycle 1ife. This preloading
requires a force equal to the product of the distance and the
spring rate of the expansion joint, which is 450 1bs/in. The
resulting 450 1b force is additive to the forces generated by
the internal pipe pressure when used for anchor analysis.

Another force which acts on anchor points is the inertial
force generated by a change in direction of the gas flow in
the pipe. This phenomenon occurs at the 90° elbows in the feed-
can area and at the medium and long straight section 12 inch
radial offsets. The force can be calculated if the mass flow
rate and déensity are known. These can be derived from the
A-Sector quench pressure data with about 40% error bars (see
Appendix A).

The magnitude of this force at the feedcan 90° elbows is
800 1bs in both the vertical and along-the-beam direction.
This result is for the worst case of a full-current quench
of two or more adjacent cryoloops.

The inertial force at the medium straight section offset
is much less since both the flow rate and the gas temperature
are lower at this point. The axial force which must be
restrained is 280 1bs. In this location, which by design has
no anchors, the expansion joints will restrain the offset region
by expanding approximately 5/8", well within the limits of

travel of the joint.

The 12" offsets at the long straight sections see axial
forces of less than 100 1bs because the flow rate at these
locations is even less than in medium straights. This force
is also restrained by expansion joint extension.

There ére also radial forces at these offsets which cancel,
but do induce a small moment into the pipe which is easily
restrained by the guide brackets.

IV. Component Review

This section will discuss qualitatively the origins and
meanings of the pressure ratings shown in Table I. Table I, the
heart of this report, lists the item in question, the failure
modes analyzed, the pressure at which failure occurs, the
recommended safety factor for operating, and the resulting
recommended operating pressure. The Appendices then give the
detailed quantitative calculations or references which support
the data given in Table I.
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The items analyzed in Table I fall naturally into two
groups:

1. Pipe, elbows, tees, bellows (expansion joints), and
flexhose. At what pressure are they expected (by
calculation or experiment) to rupture? We follow standard
engineering practice and recommend that operating pressure
be limited to 1/4 (safety factor 4) the rupture pressure.
At what pressure are they expected to exceed the
inelastic yield point, leaving items which are slightly
deformed? As a safety factor against this mode of
"failure," we use our judgment depending on the function
of each item.

2. Mechanical strength of anchor points. Whenever there is
a 90° turn in the 8" pipe adjacent to an expar-ion joint
there is a force on the elbow equal to the pr e times
the thrust area of the expansion joint (62 sq. N I

If the anchor on that elbow fails, either a bellows in

the system expands to its 1imit and ruptures, or 8"

pipe in the vertical riser past the 90° elbow must take
the load or fail. The same failure mode exists at valves
in the 8" 1ine (such as at the DTA regions), in which

the anchor at the valve (if the valve is closed) must bear
the full force. In the evaluation of anchor-point strength,
we have adopted a safety factor of 4 on matters involving
ultimate strength of bolts, U-clamps, and Unistrut beams.
We have adopted a safety factor of 2 or 3 (manufacturer's
recommendation) on matters involving frictional slipping,
such as Unistrut nuts slipping in the Unistrut channel.

There are around the ring, the following locations where
jogs, offsets, elbows, or exits requiring adequate analysis for
proper anchoring. These locations are:

A11 DTA regions (18 places).
A11 feedcan regions (24 places).

c. End anchor regions (8 places); B49, Cl1 (CP straight),
c49, D11 (D@ straight), D49, El1l (EP straight), E49,
F11 (FP straight).

d. Reaction anchors (6 places); A49, Bl1 (Bp), B49, Cl1,
B49 + 40' twice (C@ ceiling - run penetration).

A11 medium straight sections (6 places).
A11 12 location jogs (5 places).
A11 48 location jogs (5 places).

AP special regions; Al2 wall anchor, Al2 ceiling anchor,
F47-3 penetration region, F47 ceiling anchor, F47 wall
anchor.

o ua -h
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We now discuss Table I line-by-line.

Bellows (expansion joint). Richard Landwere, an engineer at
Flexonics (the company which built 80% of the bellows in
use), has verbally told us that the operating pressure for
this bellows is 120 psig and that the deformation pressure
is 180 psig. During a second phone call to him, he told
us that the deformation pressure (180 psig) was in fact
selected to be 33% of burst pressure, and the operating
pressure was selected to be 95% of squirm pressure. His
definition of squirm pressure is the pressure at which the
bellows will squirm while being stroked and be left with

a small inelastic deformation. For his written confirmation
of this information, see Appendix C.

A destructive test program of the expansion joint was
initiated. In the first test, a bellows was capped off

and restrained from stroking from its neutral position;
i.e., no compression or extension, ends parallel, and no
offset between the two ends. The internal pressure was
gradually raised to 230 psig, dur1ng which it grew radially
by about 0.003". At around 180 psig, the convolutions

were noted to be a few mils collapsed. At 230 psig, the
bellows suddenly squirmed beyond the inelastic yield point
(but did not rupture). In the second test, the bellows

was compressed 1" (simulating the tunnel condition of most
bellows before a quench), the two ends were offset by 0.5"
(simulating the manufacturer's recommended maximum, but
exceeding typical tunnel installation errors by a factor

of 2 to 4), and the ends were non-parallel by 1° (simulating
the worst possible tunnel m1sa11gnment) The expansion
joint plastically deformed at 200 psi. See test data,
Appendix B.

Flexhose Assembly.

a. Braided flex. This hose is squirm-protected by steel
braid. The manufacturer's recommended maximum operating
pressure is 250 psig, which we believe is 25% of
rupture pressure.

b. Spool manifold. A three-convolution bellows on the
"spooipiece manifold between the tws Kautzky valves and
the flexhose can be ruptured. The burst pressure is
600 psig.

c. Relief valve body. The torque transmitted to the flange
on the output end of the Kautzky valves on the spool-
p1eces can tear the aluminum flange. The result here
is from an empirical test. See Appendix B.
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III, Pipe and pipe fittings. The table is self-explanatory. On
Iv these items, we have a_code to follow.

V. Feedcan region anchor strengths. The header geometry in
this area is shown in Fig. 2. First we consider the forces
resulting from the operating pressure of the system, taken
to be the same on either side of the 90° elbows which turn
the flow upward, since there are no valves in the system.

In this case, there is an equal and opposite force on the
two elbows tending to draw them together. An offset
aluminum tie bar has been inserted between the two elbows

to restrain this motion. The question is, at what pressures
do the tie bar and its mating pipe bracket fail? Because
the box beam of the tie bar is offset towards the aisle

from the force center (i.e., the CL of the pipe), it is
subject to torque which tends to bow the beam. The standard
moment calculation for this beam (see Appendix A) leads to
the result shown in Table I, Item V.a. The tie bar bracket
which is welded to the pipe elbow also has a finite

strength which is too difficult to calculate. A sample
assembly was therefore load tested to failure in a press.
The result was that the pipe itself buckled at the weld
point at 29,000 1bs force.

Secondly, we consider the effects of small pressure
differences which might develop across the feedcan area
which result from the impedance of the zlbows and the tee
when a quench has occurred in only one side of the cryocloop.
George Mulholland has calculated the maximum pressure
difference expected (see Appendix A) and obtain 4 psig.

This would result in a force of 250 1bs total on the two
wall anchors which secure the vertical legs to the wall
(see Fig. 1). [Items Vc, d, e, and f are the recommended
pressure differences resulting from the strength of various
components of the anchor system, and should be compared
with the calculated 4 psig expected maximum, mentioned
above.

VI. Double-turnaround regions. See Fig. 3. At the double-
turnaround region, there are two butterfly valves in the
8" line, either one of which could be closed. Although
the probability is very small that one would be closed
during powered operations, it could happen, and might be
followed by a 1/4 sector quench (in fact, closing a valve
might induce such a quench). Therefore, we propose that
the double-turnaround anchor system be capable of with-
standing the full force resulting from the maximum allowed
operating pressure times the thrust area of the expansion
joint.
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There are four anchors in the double-turnaround region.
Each consists of a metal strap torqued quite tightly
around the pipe. The strap is welded toan8" by 10"
plate which is bolted to the wall with four 1/2" bolts.
The most likely failure mode (i.e., the one occurring at
the lowest pressure) is frictional slipping of the pipe
through the strap. The force on the pipe necessary to
make it slip in the strap has been measured at E21 as

a function of the torque applied to the strap bolt (see
graph in the Appendix). At a very reasonable torque of
40 ft/1bs, the pipe slips at a force equivalent to 50 1bs
pressure. Multiplying by four anchors but dividing by a
safety factor of 2 leads to a pressure limit of 100 psig.
If a safety factor of 3 is desired, the maximum pressure is
derated to 66 psig. The frictional slipping could be
removed.

The ultimate strengths of the strap, bolts, and wall
anchors have also been calculated.

Straight Section Anchors.

In the straight section regions, anchors are installed to
restrain the header at the points where the header turns
90°. These anchors must bear the full expansion joint
thrust force plus the gas flow inertial force or else the
piping and/or expansion joint will fail. End anchors at
station #11 and #49 regions are typical throughout the

ring exclusive of the A@ straight section anchors. In this
region a special arrangement of slings, wall anchors, and
penetration anchors are used. A listing of the individual
specialized anchor points appears in Table I.

In addition to the end anchors in the B@® and CP straight

section, additional reaction anchors are required. Their
design is similar to the end anchor but differ in the way
that they are attached to the pipe.
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Expansion Joint Guide Assembly and Pipe Support Assembly.

These assemblies must primarily be capable of supporting
the weight of the pipe and secondly be capable of
restraining a radial motion of the header. Each bracket
can withstand a working load equivalent of 100 ft of
header. The only time at which a bracket might possibly
see this loading is during a cooldown when in the past
we have observed pipe bow. (See Appendix D.) this

level of loading was still equivalent to only 40 ft of
header.

The radial loading of the guide and support assemblies is
generated primarily by the pressure in the header. Due to
the arc in the header, an outward radial force of 775 1bs
for a header pressure of 100 psig is generated. This
force is assumed to be somewhat equally distributed over
the 20 brackets that support the header in that region,

or 38 1bs/bracket. The force holding the header in place
is the weight of the header itself. A radial movement
would have to 1ift the header out of its rollers. The
force to do this for the 45° roller angle is equal to the
weight of the pipe. For our case the supports are every
10 ft, making the weight per bracket equivalent to

100 1bs. At the ends of the arc near the expansion joint,
guides are installed. The guides can see a greater radial
force on the order of 150 1bs. These guides are also
installed at regions adjacent to where expansion joint and
pipe jogs are present. This offset generates a moment
which requires a restraining force of 200 1bs. The guides
can restrain 240 1bs. '

Relief Valves.

The 50, 12, and 6 psig relief valves used on the 8" header
are of "in-house," spring loaded, parallel plate design.
The listed relief pressure is the pressure at which the
valve begins to open. Any travel of the sealing plate
will compress the spring, thus requiring a greater
pressure to hold open. The sealing disc transmits the
pressure and gas flow inertial force to the springs and
then back to the relief flange through a combination of
studs.

The 6 spig relief valve on the refrigerator building has
six 3/8-in. diameter studs restraining the disc, the

12 psig relief valve at the compressor building has

12 3/8-in. diameter studs and the 50 psig tunnel relijef
valve has four 1/2-in. diameter studs. Each is capable
of withstanding the inertial and pressure forces which
will act on them during a quench.
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Above Ground Piping.

As stated previously, most of the 8" header is located in
the Main Ring tunnel enclosure. The header does exit the
tunnel at the 24 refrigerator buildings and adjacent to
the six compressor buildings.

The 8" piping at the refrigerator building is comprised

of a vertical length of pipe coming up from the tunnel
feedcan region with a 19-1/2-in. horizontal offset to

clear the refrigerator valve box. This vertical riser

then leads through the building roof to the 6 psig main
relief valve. Tied into this vertical riser is the 4-1in.
refrigerator low pressure return gas line. Any contraction
of the riser requires that the 4-in. branch line be

capable of flexing. Maximum movement will be less than
1/2-in. assuming a temperature change of 200°F. '

The above ground piping at the compressor building requires
adequate flexibility for thermal cycling without over-
stressing the pipe or the anchor points. This has been
achieved by the use of "L" and "Z" bends in the piping
runs. Only the upstream B@ compressor building run
requires the use of expansion joints. Each of the
compressor building piping runs are unique and each
requires some detailed analysis. The use of the approx-
imate method of calculating thermal expansion stresses
from Piping Engineering, Chemtron Corp., is used for this
analysis (see Appendix A ).

On the BP upstream piping run, the use of a hinged
expansion joint assembly was necessary. This hinged
expansion joint assembly is made up of two 8" expansion
joints, two 90°, 8" elbows, and a 5 ft long filler piece
of 8" pipe. To limit the expansion joints to only
angular displacement, the expansion joints are equipped
with axial restraints - bars welded to either side of
the expansion joint with a pivot pin located at the center
of bend. This configuration will withstand the full
thrust force of the expansion joint. Each.expansion
joint is equipped with an aluminum shroud to prevent ice
and snow buildup.

V. QUALITY ASSURANCE

The quality of welding on the 8" header was controlled by

having all welding done by Fermilab welders or pipefitter welders
who passed a competence test administered by the Fermilab Weld

Shop.

The leak check procedures also required a visual inspection



-11-

of most welds. A1l welding rod used on the 8" header was
Fermilab-supplied "flag tagged" 308L stainless steel.

To ensure that the installation of the header has been
executed correctly and that no inadvertent changes have taken
place, a prepower checkout of the header system is done under
ODH rules. Under ODH rules all jobs must be cleared through
the Main Control Room operations chief. This controls activities
in the ODH regions to specific tasks that have had prior approval.
A copy of the checkout checklist with instructions is included in
Appendix F.

VI. RELIEF VALVE FAILURE MODE ANALYSIS

We discuss here the consequences of the failure of one (or
many) of the various types of relief valves in the system to
open near the proper pressure, and the probability of that
happening. We do not discuss the probability of valves getting
stuck open since that does not pose a safety problem, with one
exception noted below. Our discussion is rather qualitative on
many points and may require further quantitative study.

Kautzky Valve Failure

The consequence of a single Kautzky valve failing to open
is known at 3500 amps. In an unplanned experiment on the B1l2
test string, a Kautzky valve failed to open. The valve happened
to hang on the one magnet at B12 with a pressure transducer in
the single-phase cryostat. The peak single-phase pressure in
that magnet during the quench was 25 psi higher than usual.
(See Koepke and Martin, UPC-154.) Let us assume that this
pressure increase is proportional to the square of the current,
so that at 4440 amps the additional pressure is 40 psi. Adding
this to the extrapolated peak pressure in the cryostat at 4440
amps based on A-Sector testing (see Appendix G) leads to a
prediction of an absolute pressure in the cryostat of 245 psia
in dipoles and 170 psia in the quadrupole/spoolpiece region.

George Biallas has studied the weaknesses of the cryostat
by destructive testing. The bore tube collapses at a static
pressure-of 325 psia (see TM-1166). The bellows connecting
the single-phase lines between magnets shows no sign of damage
up to 280 psia (see TM-1165).

The latter test was performed with pulsed pressures simulating
the time-dependence of quenches. Eric Larson has performed tests
of the strength of spoolpieces under static pressure (see TM-1116).
Above 220 psia, there are inelastic deformations; at 340 psia, a
weld broke.
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Qur conclusion is that one Kautzky valve can fail during
a full-current quench without damaging anything, but with a
safety margin that is a mere 1.15. Furthermore, it should be
~noted that cryostat pressures during quenches are independent of
the number of cells which quench simultaneously (unlike the
header pressures), so that our concern here pertains to every
quench, not just rare "global" quenches. Therefore, we deem it
quite important to detect promptly that a Kautzky valve has
failed to open so that it can be replaced before a second valve
fails in the same half-cell.

For that reason, a system which detects the failure of a
valve to open during a quench has been planned, but not yet
installed. A Klixon switch which opens at 0°C will be installed
on each Kautzky valve. The failure of any one of the six Klixons
in each half-cell to open during a quench of that half-cell will
be detected by the computer which will set an alarm. Then in-
tunnel testing must be done to determine which of the six valves
(or Klixon switches) is faulty.

Until this system is installed and tested, some stop-gap
operational testing is being done, and periodic retesting is
being contemplated. In addition to the thorough bench testing
of each valve, the valves are tested in the final installed
system as soon as a sector gets "cool" (30°K). The Kautzky
valve is a normally-open valve which is closed by the application
of control pressure to the back side of a bellows which drives
the shaft and poppet. The control pressure and the cryostat
pressure at which the valve is opened are linearly related.

In this system test, the control pressure is set to zero for two
minutes, opening all the valves in a cryoloop and flowing enough
helium through to chill, or even frost, the valve bodies. A
rapid walk-through is made to determine that each valve body is
cold. Thus, each valve is known to be initially good.

However, there are fail-closed modes of failure which can be
caused by quenches (see below). We are considering requiring
periodic retesting of parts of the system until the Klixon system
is installed. The periodicity and selection of which cryoloops
to retest are obviously determined by quench history. Lastly, we
note that there is very little hope that the Doubler current
will exceed 4000 amps for a couple years, which lowers the peak
cryostat pressures mentioned above by 30 psi.

We now summarize very briefly what is known about the
probability of a Kautzky valve failing to open. The full report
on A-Sector and MTF failure statistics is enclosed as Appendix G.
The Kautzky valve will fail closed if the poppet becomes detached
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from the stem, or if the stem breaks, or if the stem separates
from the plate on the top of the bellows. In the Mark III
version of the valve tested extensively in A-Sector and at MTF,
separation of the shaft from the top of the bellows at the struc-
tural weld between the two pieces was a major cause of valves
failing closed. This problem has been solved in the Mark IV
version of the valve by changing the shaft into a "nail," so

that the weld between the shaft and the top plate of the bellows
is respc sible only for keeping the bellows leak-tight, and not
for the structural connection between the shaft and the bellows.

Once during the A-Sector quenching a poppet separated from
the shaft. The valve failed to open for several quenches before
our attention was drawn to it by the observation that the top of
the bellow's housing was badly "domed," a result of the extra
40 psi pressure in the unrelieved magnet. A post-mortem on the
valve indicated that the snap ring which held the poppet to the
foot of the actuator shaft had not been fully seated in the snap-
ring groove during the initial assembly of the valve.

This is merely an example of a failure which did happen and
which is not detectable at the moment. Furthermore, it is the
only fail-closed incident in all of the MTF and A-Sector
quenching other than the cracked weld cases mentioned above (a
solved problem). ATl the valves used in A-Sector have been
removed and retested. This one failure is the only empirical
basis for a failure probability calculation. At MTF, 17 valves
have survived a total of about 11,000 quenches. In A-Sector,
160 valves endured a total of 2,000 quenches.

This data leads to two separate probability statements.
The probability of improperly installed snap rings is, so far,
1/177 per valve,but must depend strongly on the care of the
technician who installed the snap ring. A quality control
step which is now being added to the assembly process should
reduce this probability to (1/177)2, or 3x10-° per valve, in
Sectors A, B, and C.

The second statement is that the probability for damage as
a result of quenching which leads to a failure closed on the next
quench is less than 1/13,000 per valve opening. There are 1,203
Kautzky valves in the helium system, and 14 valves open on each
full-cell quench. If we make the rather "worst case" assumptions
that there are two full-cell quenches per day and that the Doubler
operated two-thirds of the year, there would be 7,000 valve
openings per year.

Thus, we might expect to experience seven detached poppets

early in the 1ife of the machine and other failures about every
other year. A1l of these predictions are based on one event, and

Rev. 3/9/83
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hence have "error bars" given by Poisson statistics.

Since the Kautzky valve control pressure for an entire
quarter-sector is set by a single pair of helium bottles and
regulators, it is possible to defeat the relief valves on four
adjacent cells of magnets by overpressuring the control gas
system. The following redundant safeguards have been implemented
to prevent such an occurrence. The regulators on the bottles
are 50 psig regulators; setting the requlators to 50 psig
changes the cryostat pressure necessary to open the valves to
61 psig, which is still safe. If a rzgular fails and pressurizes
the system to 2,000 psig, there are further safeguards.- On the
manifold between the bottles and the tunnel there are two 50
psig relief valves (see Fig. 7). These valves are tested in situ
after all welding has been done. However, it has never been
proven that these relief valves are sized adequately to handle
the full bottle pressure without transmitting a high pressure
to the tunnel. Therefore, the most important safeguard is the
pair of overpressure switches on each manifold. These switches
are set to alarm at 5 psig above the normal operating pressure
and are tied to the refrigerator permit through the computer.
There is some redundancy in having two switches; however, it
remains to be proven that they fail-safe if the control
chassis fails, which is common to both switches.

Parallel Plate Header Relief Valves

There are three kinds of spring-loaded, parallel plate
relief valves on the header itself (see Fig. 1): 8" diameter
valves set to crack open at 6 psig at the top of each refrigerator
building; two 8" diameter valves set to crack open at 12 psig on
top of each compressor building; and two 4" diameter valves set
to crack open at 50 psig at each double turnaround region. We
pose the same two questions about these valves as we did about
the Kautzky valves: what are the consequences of one of them
failing; and what is the probability of failure? Our discussion
is quite qualitative; we have neither the statistical experience
such as we have with the Kautzky valves nor worst-case flow
calculations.

However, in this case we are not all concerned with the
normal one-cell quenches, as we were with the Kautzky valves. In
a one-cell quench, all the header relief valves could fail closed
and the gas would expand around the four-mile circumference of the
header without overpressuring anything. We are concerned only
with "global" quenches and the local equivalent of a global
quench, namely, an incident in which the header valves at both
ends of a quarter-sector accidentally close and the whole quarter-
sector quenches. '



-15-

The worst "global" quench imaginable is a whole-ring
quench and the most probable cause of such a quench is an unfore-
seen glitch in the quench protection software. In the four months
of A-Sector power tests, there were two spontaneous whole-sector
quenches, both attributed to software shortcomings. Despite
software improvements, the header relief system must be prepared
for the worst case. If we make the tentative assumptions that
all 72 parallel plate relief valves have the same flow rate, and
that the pressure in the header rises linearly with the number of
failed valves, then 10% of the valves could fail to open in a
whole ring quench without exceeding the 100 psig limit on the
header pressure (providing of course that the failed valves are
scattered randomly around the ring).

In the case of header isolation valves accidentally closing
off a quarter-sector, followed by a quench of the whole quarter
sector, there is still three-fold redundance: one 6 psig relief
valve above the refrigerator building and two 50 psig relijefs
in the tunnel next to the isolation valves. We do not know
empirically, nor have we tried to calculate, how much the
pressures would rise if one of the three failed. However, there
is already indirect protection against this accident in the
following form. If any single header isolation valve closes, a
compressor rapidly "starves," which should Tead to a refrigerator
alarm well before the magnets start warming. The refrigerator
alarm should Tead to a current "dump" without heaters firing. 1In
addition, the microswitches on these header isolation valves
could be wired directly to the refrigerator permit. This protection
warrants further investigation and possibly testing at Tow
currents.

We know very 1ittle about the probability that one of these
valves will fail closed. In the design, attention was paid to
guiding the springs so that snagging or. buckling appears to be
impossible. The valves are bench tested before installation. A11
relief valves in the A-Sector test were observed to have opened
during at least one quench. It is recognized that the outdoor
valves are exposed to the possibility of freezing shut with ice-
balls during the winter, so snow protectors have been installed.
A1l relief valves are periodically inspected for iceballs, but
this periodicity is not well controllied.

Hazards Involved if Relief Valves Fail Open

If a Kautzky valve fails to close following a quench and
will not reseat after torching the valve and "popping" the actuator,
then it must be replaced. A procedure has been developed (see
Appendix G ) and tested 13 times in A-Sector which allows
changing the valve with the single-phase and two-phase systems
at 20°K and 2.5 psig, and the header at 2 psig. The procedure
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involves special tools which quickly cap off the single-phase
and flexhose during the replacement so that a minimum amount

of helium is vented into the tunnel. Three different one-phase
plugs are available to the team in case one of the plugs breaks.
The team changing the valve must be ledbya cryogenics specijalist
who is experienced in changing valves, and the team must "talk
through" the procedure before entering the tunnel. Nonetheless,
there is a small chance that they might lose control of the
situation, inert the tunnel, and have to egress wearing the
required five-minute escape packs. In the A-Sector experience
there was not even a "near miss."

Should a 50 psig relief valve in the tunnel fail to reseat
after a "global" quench, parts of the tunnel might be inerted.
This failure should detected both by the oxygen monitors and
by the failure to build pressure in the header. Since personnel
are not allowed in the tunnel during powering of the Saver, there
is no immediate threat to personnel. However, care must be taken
to valve off the part of the header containing the fajled valve
and evacuating the helium from the tunnel before admitting
persannel to fix the valve.

VII. CONCLUSIONS

We conclude that the header system :an be operated at 100
psig with safety factors on individual components between two and
four. The highest pressure predicted for the header is 90 psig
during a full sector quench. Since personnel are not allowed in
the tunnel when the Saver is powered, we are concerned with
damage to systems, not personnel. The factor of safety for
research vessels used in non-manned areas may be reduced from the
usual factor of four required by the ASME Pressure Vessel Code
(see National Safety Council, Data Sheet "Pressure Vessels and
Pressure Systems in the Research and Development Lab," #1-678-79,
March 1979, National Safety News).

The worst case accident imagined when personnel are allowed
to be present, a rupture of the bore tube vacuum, leads to header
pressures calculated to be 50 psig, which keeps all components
within the safety factor of four.

Failure mode analysis of the various relief valves in the
system indicates that there is sufficient reliability and
redundancy in the system that failures of single relief valves to
open do not endanger the system. Some loose ends need to be tied
up, most notably the role of the pressure switches in protecting
against over pressure in the Kautzky valve control system. A
decision needs to be made about whether to install a system
which detects the failure of any relief valve to open during a
quench or whether to impose a periodic retest requirement on
these valves. '
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APPENDIX A

Inertial-Momentum.

Beam Tube Break.

Spool Manifold.

Branch Reinforcement.

Tie Bar.

Feedcan Region Brackets.

Feedcan Region Vertical Riser Tabs.

Feedcan Region Forces.

_DTA Support Bracket.

DTA Anchor Bracket.

A-p Anchors.

Penetration at F47 Anchors.

Guide Bracket.

Support Bracket.

Pipe Lift and Moments at Jogs.

Above Ground Analysis.

Relief Valve Bolts and Flanges and Blankoffs.
End Anchor.

Reaction Anchor.

reedcan Region Pressure Drop

The contents of this Appendix are filed in the Accelerator Division
Safety Files, File no. 1-2.10300.
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APPENDIX B

- Test Data -
Bellows Pressure Test, 3/8/82.
Bellows Pressure Test, 3/11/82.
Kautzky Flange and Clamp Failure.
Hydrostatic Pressure Test of Kautzky.Va1ve Flange
and Two Piece Brass Clamp.
Rotational Resistance of Aeroquip Clamp vs. Two Piece
Brass Clamp.
Pressure Effects on SpooT Manifolds.
FBA Tie Bar Elbow Bracket.
DTA Anchor Slip.
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# Fermilab March 8, 1982

To: The File .\
TN
From: G.T.Mulholldad "

Subject: HYDRAULIC/PNEUMATIC TEST OF AN 8" TUNNEL HEADER BELLOWS

A Flexonics bellows fabricated to 0428.00MBl07559A with the fol-
lowing specifications:

1. Single ply bellows 0.015" wall min.
2. Max. spring rate 500%/in.

3. Stroke *1/2 in.

4. Cycle life 7000 cycles

5. Working pressure 60 psig

6. Working temperature 200°F to 95°F

constrained to be relaxed, uniaxial and of fixed length was
pressure tested. The bellows was filled with water and pneu-
matically pressurized using the Bubble Chamber relief valve
testing cart. The diameter was measured with a bow micrometer
and the convolution gap monitored with a feeler gauge.

Pictures of the failed bellows will be available from Photography
in a few days. .

GTM:er

attach.

cc: H.Edwards.
W.B.Fowler
J.Misek «
C.T.Murphy
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Test: Kautzky flange and clamp failure.

Objective: Subject two piece clamp and Kautzky flange to
force perpendicular to axis of flange to observe
yield and shear.

Results: Yield appeared at 9392 in./lbs. Could not visually
tell what yielded first. Continued increase
in force caused plastic deformation of brass.
At 12969 in./1bs aluminum flange abruptly sheared.
9392 :+ 6 = 1565 1bs force at alignment bellows.

Area of alignment bellows

rd?/4
7 in.?

3" dia.

e

Equivalent pressure in manifold to generate

yield torque = 1i§5 = 223 psig.
fracture torque = 12269/7 = 308 psig.

Test: Hydrostatic test of Kautzky valve flange and
two piece brass clamp.

Objective: Observe localized leak where clamp is split at
450 psig. '

Results: 1. No leak observed at water pressure.

2. No leak observed at gas pressure after water
was removed.

3. No measured plastic deformation observed on
clamp. -

Test: Rotation/resistance test of Aeroquip clamp vs
two piece brass clamp.

Objective£ Compare both clamps with no O-ring, with dry
O0-ring and with greased O-ring.

Results: Brass more resistive generally. There was Tittle
difference until O-ring was greased. At this time
the brass retained its resistance while the Marmon
did not. The directional forces between the brass
clamp and aluminum flange are a factor while the
same between the Marmon and aluminum flange are not.
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Test:

Objective:

Results:

-36-

Pressure effects on spool manifolds.

Subject two different clamps for Kautzky valves

to a variety of forces equal to pressures possible
in spool, to determine effects on torque settings
of clamps.

Per chart.
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Test:

Objective:

Results:

FBA tie-bar elbow and bracket.

Increase force of elbow to failure.

Force-1bs

15638

17872

22340

24574

26808

29042

Comments

Tie-bar plate deflection 1/16".
Nothing noted on welds or elbow.

Tie-bar plate deflection 1/8".
Nothing noted on welds or elbow.

Tie-bar plate deflection 3/16".
Nothing noted on welds or elbow.

Tie-bar plate deflection 5/16".
Nothing noted on welds or elbow.

Tie-bar plate deflection 3/8".
Relaxed force to observe plastic
deformation of plate. Deformation
= 1/8",

Elbow abruptly forced on side away
from feedbox. Continued force of
22340 1bs caused a uniform rate of
further deformation. Stopped test
at this point.

-38-



Test:

Objective:

-39-

DTA anchor slip test (one anchor).

Determine force required to cause axial movement.

There are normally two anchors at each DTA but

only one was used in this test. The results on the
graph are the test results times two. There are
two additional supports which should offer some
anchoring but are not presently considered as such.
The penciled portion of the curve is measured and
the red is an extrapolation assuming the same rate
of diminishing return.
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APPENDIX C

- Manufacturers' . Data and Reference Material -

Flexonics letter 3/17/82.

Anaconda data sheets for expansion joint.
ANSI B31.3, Appendix A.

MSS, SP43.

Flexweld data with Fermi specs for Flexonics
fabricated hose.

Fermilab spec for Flexonics and Flexweld fabricated
alignment flex.

Unistrut data.
HiT1ti data.

Hills-McCanna data.



~-42-

Flexonics Dwision
300 East Devon Avenue « Bartlett, llinois 60103
Telephone 312-837-1811 « Telex 72-2455

March 17, 1982

NAL Fermi Lab
PO Box 500
Batavia, I11inois 60510

Attn: Joel Misek

Dear Mr. Misek:

Confirming your phone conversation of 3-10-82 with Dick Landwehr
of our Bellows Degisn Engineering Deparmtent, following is the data
covered. On NAL P/N 0428.00-MB-107559, our P/N 100-838-5001, the bel-
lows assembly has a calculated burst of 878 PSIG, deformation of 180
PSIG and squirm of 120 PSIG. The squirm calculation includes a factor
as applicable to dynamic squirm as might occur during axial stroke wizh
no offset of the ends.

Based on the above, we would recommend the maximum working pres-
sure to be 120 PSIG. At this pressure, the calculated stress would be
34,000 PSI. At the 120 PSIG working pressure, the safety factor is
Jjust below the recommended 4:1 level usually maintained.

If any further gquestions, please call.

Yours truly,

77

M A AN /—\

E. K. Héaney

EKH/cp [

UO'D Inc.
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PIPING SYSTERIS

Anaconda Expansion Joints must be both correctly selected and properly installed for effective performance in ser-
vice. The reactions created by pressure and movement within the piping system should be carefully considered.
The deflection loads and other influencing forces, including pressure thrust, must be recognized when designing an-
chors and guides. The internal pressure acting on the thrust area of an expansion joint can cause very high anchor
loads. Thrust areas of Anaconda Expansion Joints are listed in the chart below. The following precautions must be
taken during installation:

® System arrangement must not create torque on Ex- BELLOWS DIMENSIONAL DATA

pansion Joints.

® Piping centerlines should be precisely aligned for
axial movement. MAX. MAX.
PIPE SIZE | BELLOWS THRUST PIPE SIZE | BELLOWS THRUST
® Lateral movement should be divided equally on IN(':: 0.D. IN ARE‘; mc':ss g‘gHé: s?:REn:
each side of the normal pipe centerline wherever ES | INCHES | sQ.IN. - IN.
possible. 2 v 5.5 12 14% 135
® Anchors must be of sufficient strength to withstand 2ve 3% 75 14 16% 181
the thrust pressure of the pipe section {thrust area 3 % 10.5 16 18% 233
of the Expansion Joint x maximum pressure). . 4% 135 18 20% 289
® At initial system pressurization, all pipe guides and 4 5% 17 20 22% 347
anchors must be secure and functioning. s 6% 27 24 26% 492
® Field pressure tests should be limited to 1.25 x the 6 % 37 30 2% 755
maximum working pressure to avoid accidental 3 9% 62 | 36 38% 1070
over-pressurization. 710 12 97 42 44% 1460
- a8 50% 1885
® All shipping rods must be removed.

INITIAL ExPANS/IOM  JOIMT  PURCHASE WAS
ANACON DA & Wi TH sSpeciAlL CUFES .

Sud SEGUEN T FlexoniCs o©orDEAR REQUIKETD
THAT THE Ex PAMSION  Jom T HAVE T7THE
SAME 1D, | &6.D. AND WAL THICKNESS |,
THRUST AREA wiLtl BE THE SAmME FOR

E>/ /,H é’ﬂ D Ii;’)f)“/\l. SO/ \7'0 IS /——e
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WORKING PRESSURE

AT ROOM TEMPERATURE

FIXED FLANGES

i

ﬂ

FLOATING FLANGES

WELDING NIPPLES

[T

i I

2 Details for sizes above 24" vary depending on flanges used. See Page 4.

PIPE _
SiZE SERIES FLANGED NIPPLED TYPES ES44, MS44 TYPES ES77, MS77 TYPES ES11, MS11
IN UNITS UNITS OAL APPROX. OAL APPROX. OAL APPROX.
(SEE NOTE 1) N WT. LBS. IN. WT. LBS. IN. WT. LBS,
2 ES 120 120 6% 1 67 1.5
22 ES 120 120 7% 15 7V2 22
3 ES 120 120 7% 17 8% 4.0
32 ES 120 120 7% 23 e —_— 8% 4.6
4 ES 150 120 7% 17 7% 16 9% 5.4
4 MS 300 240 8Va 28 8Ya 29 9% - - 6.7
5 ES 130 100 8 22 8 22 10 7.3
5 MS 260 200 8% 34 87 34 10 9.0
6 ES 100 80 8% 28 8% 28 103% 9.4
6 MS 200 160 8% 42 92 39 10% 1
8 ES 100 j 80 10Va 40 10 37 12% 17
8 MS 200 160 11% 68 11% 64 12% 21
10 | s 80 80 107 56 0% 53 12% 23
10 MS 160 160 11%2 94 12 89 12% 27
12 ES 80 70 108 N 108 88 12% 31
12 MS 160 140 12 142 12 138 12% 35
14 £S 60 50 113% 106 11% 97 147 27
14 MS 120 100 11% 114 113% 106 1478 35
18 ES 50 45 1133 126 113% 127 1478 31
16 MS 100 90 11% 135 11% 137 147 40
i8 ES 50 40 12% 130 12Va 131 15 % 36
i8 MS 100 80 12 142 12Va 144 15% 48
20 ES 40 30 103 149 10% 150 14 37
20 MS 80 60 10% 160 10% 162 14V 48
24 ES 40 25 1% 239 14%a 44
24 MS 80 50 11% 252 _— e 14V 57
30 ES 40 24 (SEE 14V 56
30 MS 80 48 NOTE 2) 14 72
36 ES 35 20 14, 67
36 MS 70 40 14V 86
42 ES 30 18 14V 78
a2 MS 60 36 14Ya 100
48 ES 25 15 -_— —_ 14Va 89
48 MS 50 30 —_ 14 Y 114
NOTES: 1. Nippled units can be provided to equa! pressure capabilities of flanged units.
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] MAXIMUM RATED TOTAL AXIAL MO\;MENT MAXIMUM RATE:J TOTAL':ATERAL FORCE IN POUNDS REQUIRED TO
IN {NCHES FOR DESIGNATED CYCLE LIFE MOVEMENT IN INCHES FOR ACHIEVE LATERAL DEFLECTION IN
{SEE NOTE 1) DESIGNATED CYCLE LIFE INCHES FROM NORMAL CENTERLINE
AXIAL FOR
PIPE DEFLECTION FOR FOR FOR 1.000 FOR FOR
SIZE FORCE 1,000 7.000 15,000 CYCLES 7.000 15,000 10 .207 .30
IN. SERIES | LBS. PER IN. CYCLES CYCLES CYCLES {See note 2} CYCLES CYCLES
2 | es 360 0.9 06 05 0.50 0.31 0.25 68 107 141
2% | €S 590 0.9 0.6 05 0.49 0.30 0.26 108 171 224
3 | Es 530 11 07 0.6 0.52 0.32 0.26 m 176 232
3% | ES 600 1.1 0.7 0.6 0.46 0.29 0.24 154 245 322
4 | es 625 1.2 07 0.6 0.44 0.27 0.23 181 286 378
4 | Ms 1250 362 572 756
5 | ES 490 1.3 0.8 0.7 0.44 027 0.23 177 279 370
5 | Ms 980 354 558 740
6 | ES 525 1.6 1.0 08 0.48 0.30 0.25 225 354 468
6 | MS 1050 450 708 936
8 | Es 457 20 1.2 1.0 0.59 0.36 0.29 205 323 427
8 | MS 914 410 626 854
10 | es 450 2.3 1.4 1.2 0.53 0.33 0.27 316 500 660
10 | mMs 900 632 1.000 | 1.320
12 | es 420 2.8 1.7 14 055 0.34 0.28 404 635 840
12 | Ms 840 808 1,270 1,680
14 | es 650 2.9 18 15 0.58 0.35 0.29 648 1,020 | 1,350
14 | Ms 1300 1,296 2040 | 2700
18 | ES 740 2.9 1.8 15 051 0.31 0.26 940 1,480 | 1,960
16 | MS 1480 1,880 2,960 | 3,920
18 | S 750 32 2.0 16 0.56 0.34 0.28 963 1520 | 2010
18 | MS 1500 1,926 3040 | 4,020
20 | €s 430 25 1.8 15 0.36 0.22 0.18 1,300 2,050 | 2,720
20 | ms 860 2,600 4,100 | 5440
24 | ES 520 2.5 18 15 0.30 0.18 0.15 1,970 3,090
24 | Ms 1040 - 3,940 6,180 —
30 | es 665 25 1.8 15 0.24 0.15 0.12 3,460 5,440
30 | MS 1330 6,720 | 10,900
36 | €S 800 25 1.8 15 0.20 0.12 0.10 5870 | 9,250
36 | MS 1600 11,700 | 18,500
42 | £s 940 25 1.8 15 0.17 0.11 0.09 9,160 | 14,440 S
a2 | ms 1880 18,300 | 28,900
a8 | £s 1090 2.5 1.8 15 0.15 0.09 0.08 15,150 —_ —
a8 | Ms 2180 30,300 _—

NOTES: 1 See "Movements — Axial Travel’, Page 5.
2 Total travel must be distributed. See "Movements — Lateral Travel”, Page 5.
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ALLOWABLE WORKING PRESSURES

For the convenience of piping engineers, pages 99
thru 109 show the allowable pressure rating at
temperature of various piping materials including
Stainless Steel Type 304L, 304, 316L, 316 and
Mone!. Nickel and Aluminum Alloys 3003 and
6061 in sizes V2” thru 24" in popular wall
schedules.

Stress values shown at various temperatures are
as given in Appendix A of ANSI B31.3—Code for
Pressure Piping for Petroleum Refinery Piping.

The allowable pressure ratings have been cal-
culated from the basic formula given in ANSI
B31.3 as follows:

- ___PD .
=®rp T C
or
2S (¢ —C)

P= D=2y t—0C)

Where: t = design thickness of the pipe (12V2%
less than the nominal wall thickness
of any given pipe size)

p = internal design pressure, PSIG
d = outside diameter of pipe, inches
s = allowable stress for materials at serv-
ice temperature, psi
¢ = allowance for mechanical and corro-
sion, inches. (Zero for our calcula-
tions).
y = a coefficient having values as follows:
For austenitic stainless steels—
0.4 up to and including 1050°F.
0.5 for 1100°F
0.7 for 1150°F and above
For non ferrous metals—
0.4 up to and including 900°F.

The computations shown are a preliminary
guide for determining the proper wall thickness
and are not to be considered a substitute for var-
ious Codes for Pressure Piping.

The user should refer to the applicable Code for
Pressure Piping covering the design and material
limitations and rules. The particular Code should
be reviewed before final design thickness is deter-
mined. Depending upon the general service for
which the piping system is intended, one of the
following may be applicable:

ASME—Section I—Power Boilers

ASME—Section III—Nuclear Power Plant
- Components

ASME—Section VIII—Pressure Vessels

ANSI B31.1—-Power Piping

ANSI B31.3—Petroleum Refinery Piping

ANSI B31.5—Refrigeration Piping

The user is cautioned that the stress values
shown in the various Codes do vary. For example,
the stress values used in our calculations are not
the same as noted in ANSI B31.1. Limitations on
maximum temperature for materials may also vary
with each Code.

It should be noted that all calculations are
based on a specific piping material. Other mare-
rials may be used in the manufacture of Feowene
butt weld fittings. Fzawesve fittings are so manu-
factured that their pressure ratings will equal or
exceed those of equivalent straight pipe for the
same size, wall thickness and material.

Type 304L—Schedules 5S and 10S.......... page 99
Type 304L—Schedules 40S and 80S......... page 100
Type 304—Schedule 10S .................. page 101
Type 304—Schedules 40S and 80S.......... page 102
Type 316L—Schedules 58 and 10S . ......... page 103
Type 316L—Schedules 40S and 80S ......... page 104
Type 316—-Schedule 10S .................. page 105

Type 316—Schedules 40S and 80S .......... page 106
Monel 400 and Nickel 200— :

Schedules 10Sand 40S.................. page 107
Aluminum 3003-O—

Schedules 40S and 80S.................. page 108
Aluminum 6061-T6—

Schedules 40Sand 80S.................. page 109

(continued on next page)
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TABLE 1
ALLOWABLE STRESSES IN TERTION FOR MATERIALS (16, 46) —47 g
INUNBERS IN PARE HEFER TOSTRESS TARLF NOTES. SEE PAGES 2B THROUGH 101)
{37 Tensile Yield 126) e -
prr Factor Strength Strength Min, Temp.
Material Specification No. Grade Class {E} Min. PSI Min. PS! Notes Temp. Ta 100 200 300
STAINLESS STEEL (40) (4}
Seainle . Pipe and Tubes
26Cr AN PN Tubes ASTM A268 10E TPA29 90000 70000 28 -20 30000
12Cr Al Tribes ASTM A268 7 TP405 66000 30000 28 -20 26000 19100 18400
11C-Tr Tubes ASTM A268 6 TP409 60000 30000 28 -20 20000
13C: Tubes ASTM A268 (] TP410 60000 30000 28 =20 20000 19100 18400
16Cr Tubes ASTM A2068 7 TP430 60000 35000 28, 38 -20 20000 19100 18400
I15Cr Ti Tubes ASTM A268 7 TP430-1 60000 30000 28, 38 -20 20000
20Cr Cu Tubes ASTM A268 10 TP443 70000 30000 28 -20 23350 22350 21400
27Cr-Tubes ASTM A268 10E TP446 70000 40000 28 -20 23350 12350 21400
18C1-8Ni Pipe ASTM A312 8 TP304 75000 30000 6a, 20, 23, 30 —425 20000 20000 20000
1Cr-BNj Pipe ASTM A312 8 TP304H 75000 30000 23 -325 20000 2000y Jihgg
18Ce-R N1 Pipe ASTM A312 8 TP304L 70000 23000 —425 16650 16630  [be50
23Cr 1 2Ni Pipe ASTM A312 8 TP309 75000 30000 28. 41,52 -325 20000 2u2uU 2o0pg
25Cr- 20N Pipe ASTM A312 8 TP310 75000 30000 28, 41, 52 -325 20000 20000 20000
25Cr-20Ni Pipe ASTM A312 8 TP310 75000 30000 6.28,41, 52 -325 20000 20000 20000
16Ce-12Ni-2Mo Pipe ASTM A312 8 TP316 75000 30000 20 -325 20000 2un0u 20000
16Cr-12Ni-2Mo Pipe ASTM A312 8 TP316H 75000 30000 23 -325 20000 20000 20000
16Cr-12Ni-2Mo Pipe ASTM A312 8 TP316L 70000 25000 =325 16650 16650 16650
18Cr-13Ni-3Ma Pipe ASTM A312 8 TP317 75000 30000 20,23 -325 20000 20060 2uouy
18Cr-10Ni-Ti Pipe ASTM A312 8 TP321 75000 30000 6a, 20 ~325 20000 20000 20000
18Cr-10Ni-Ti Pipe ASTM A312 8 TP321H 75000 30000 ~325 20000 20600 20000
18Cr-10Ni-Cb Pipe ASTM A312 8 TP347 75000 30000 6a, 20 —425 20000 20000 20000
18Cr-10Ni-Ch Pipe ASTM A312 8 TP347H 75000 30000 —325 20000 20000 20000
18Cr-10Ni-Cb Pipe ASTM A312 8 TP348 75000 30000 6a, 20 -325 20000 20000 20000
18Cr-10Ni-Cb Pipe ASTM A312 8 TP348H 75000 30000 -325 20000 20006 10u60
18Cr-8Ni Pipe ASTM A376 8 TP304 75000 30000 6b, 20, 23, 30, 36 —425 } 20000 20000 20000
18Cr-8Ni Pipe ASTM A376 8 TP304H 75000 30000 23 ~325 20000 20000 20000
16Cr-12Ni-2Mo Pipe ASTM A376 8 TP316 75000 30000 6b, 20, 23, 36 ~325 | 20000 20000 20000
16Cr-12Ni-2Mo Pipe ASTM A376 8 TP316H 75000 30000 23 -325 20000 20000 20000
18Cr-10Ni-Ti Pipe ASTM A376 8 TP321 75000 30000 6a, 20, 36 -325 | 20000 20000 20000
18Cr-1ONi-Ti Pipe ASTM A376 8 TP321H 75000 30000 -325 20000 20000  2uun
18Cr-10N-Cb Pipe ASTM A376 8 TP347 75000 30000 6a, 20, 36 —425 | 20000 20000 20009
18Cr-10Ni-Cb Pipe ASTM A376 8 TP347H ' 75000 30000 -325 20000 20000 20000
18Cr-10Ni-Ch Pipe ASTM A376 8 TP348 75000 30000 6a, 20, 36 -325 20000 20000 20000
16Ct-8Ni-ZMo Pipe ASTM A376 8 16-8-2H 75000 30000 6b, 23,12 —325 20000
18Cr-8Ni Pipe ASTM A430 8 FP304 70000 30000 6b, 23, 36 —425 20000 20000 20000
18Cr-8Ni Pipe ASTM A430 8 FP304H 70000 30000 23,36 ~325 20000 20000 20000
16Cr-12Ni-2M. Pipe ASTM A430 8 FP316 70000 30000 6b, 23, 36 -328 20000 20000 20000
16Cr-12Ni1-2Mo Pipe ASTM A430 8 FP3i16H 70000 30000 23,36 -325 20000 2uonn 20000
18Cr-10Ni-Ti Pipe ASTM A430 8 FpP32t 70000 30000 6a, 36 -325 20000  2u000 20000
18Cr-10N:-Ti Pipe ASTM A430 8 FP321H 70000 30000 36 —325 20000 20000 20000
18Cr-10ONi-Cb Pipe ASTM A430 8 FP347 70000 30000 6a, 36 —425 20000 20000 20000
18Cr-10Ni-Cb Pipe ASTM A430 8 FP347H 70000 30000 36 =325 20000 20000 20004
16Cr-8Ni-ZMo Pipe ASTM A430 8 FP-16-8-2H 70000 30000 6b, 23, 36 -325 20000
Centrifugally Cast Pipe
18Cr-8Ni ASTM A451 8 CPF8 0.90 70000 28000 20,22,23 16800 16500 16800
18Cr-10N)-2Mo ASTM A451 8 CPF8M 0.90 70000 30000 20, 22,23 18000 15000 15000
18Cr-10Ni-Cb ASTM A451 8 CPFRC 0.90 70000 30000 6a, 20, 22 18000 18000 15000
15Cr-13Ni-2Mo-Ch ASTM A451 8 CPF10MC 0.90 70000 30000 6a, 12, 20, 22 18000
23Cr-13Ni ASTM A451 8 CPH8 0.90 65000 28000 12,20.22,28 16800 16300 1odu0
23Cr-13Ni ASTM A451 8 CPH10 or 0.90 70000 30000 8,12,20,22, 28. 41 325 f 18000 18000 18000
CPH20

25Cr-20Ni ASTM A451 8 CPK20 0.90 65000 28000 20,22,28,41 -325 t16800 16800 10800
18Cr-8Ni ASTM A452 8 TP304H 0.85 75000 30000 22,23 —325 17000 17000 17000
16Cr-12Ni-2ZMo ASTM A452 8 TP316H 0.85 75000 30000 22,23 -325 17000 17000 17000
18Cr-10Ni-Cb ASTM A452 8 TP347H 0.85 75000 30000 22 —325 17000  tTo00  iTduvu
12Cr-Al Tubes ASTM A268 7 TP405 0.85 60000 30000 28 -20 17000 16230 15650
11Cs-Ti Tubes ASTM A268 6 TP409 0.85 60000 30000 28 -20 17000
13Cr Tubes ASTM A268 6 TP410 0.85 60000 30000 28 -20 17000 162150 15650
16Cr Tubes ASTM A268 7 TP430 0.85 60000 35000 28,38 -20 17000 16250 13650
18Cr-Ti Tubes ASTM A268 7 TP430-1 0.85 60000 30000 28,38 -0 17000
20Cr-Cu Tubes ASTM A268 10 TP443 0.85 70000 40000 28 -20 19830 19850 18200
27Cr Tubes ASTM A268 10E TP446 0.85 70000 40000 28 -20 19830 19850 18200
26Cr-3Ni-1 Mo Tubes ASTM A268 10E TP329 0.85 90000 70000 28 -20 25500
18C:-8Ni Pipe ASTM A312 - 8 TP304 0.85 75000 30000 20, 23 —425 17000 17000 170ul
18Cr-8Ni Pipe ASTM A312 8 TP304H 0.85 75000 30000 23 -335 T7000 17000 17000
18Cr-8Ni Pipe ASTM A312 8 TP304L 0.85 70000 25000 —425 14200 14200  t4200
23Cr-12Ni Pipe ASTM A312 8 TP309 0.85 75000 30000 28,41, 52 —325 17000 17000 17000
25Cr-20Ni Pipe ASTM A312 8 TP310 0.85 75000 30000 28, 41, 52 —325 17000 17000  1700¢
25Cr-20Ni Pipe ASTM A312 8 TP310 0.85 75000 30000 6, 28, 41,52 -325 17000 17000 17000
16Cr-12Ni-2Mao Pipe ASTM A312 8 TP316 0.85 75000 30000 20,23 -325 17000 17000 17000
18Cr-12Ni-2Mo Pipe ASTM A312 8 TPI16H 0.85 75000 30000 23 —323 17000 17000  {70un
16Cr-1 2Ni-2Mo Pipe ASTM A312 8 TP316L 0.85 70000 25000 -325 14200 14200 142900
18Cr-13Ni-3Mo Pipe ASTM A312 8 TP317 0.85 75000 30000 20,23 -325 17000 17000 17000
18Cr-1QNi-Ti Pipe ASTM A312 8 TP321 0.85 75000 30000 6a, 20 -325 17000 17000 7004
18Cr-10Ni-Ti Pipe ASTM A312 8 TP321H 0.85 75000 30000 ~325 17000 17000 iTe0R
1BCr-10Ni-Cb Pipe ASTM A312 8 TP347 0.85 75000 30000 6a, 20 —425 17000 17000 7000
18Cr-10Ni-Cb Pipe ASTM A312 8 TP347H 0.85 75000 30000 -315 17000 17000  170vd
18Cr-10Ni-Cb Pipe ASTM A312 8 TP348 0.85 75000 30000 6a, 20 —-315 17000 17000 17000
18Cr 10N:-Ch Pipe ASTM A312 8 TP348H 0.85 75000 30000 -325 17000 17000 17000
Type 304 A240 ASTM A358 8 304 0.85 75000 30000 6b, 20,23, 36 —425 [17000 17000 17000

For shaded arcas sce Note 4



LPPENDIX A A wi i

TABLE 1
ALLOWABLE STRESSES IN TENSION FOR MATERIZLS (16, 46) -4 8 _
UMFERS ik PARENTHESES REFER TO STHESS TABLE NOTES. SEL PAGES 98 THROUGH 101)
1371 Tensile Yield (26} “Min
P Factor Strength Strength Min. Temp.
"lateriat Spec:fication No. Grade Class {E} Min. PS1 Min. PS1 Notes Temp. To 100 200 300
CAREUN STEEL |;nn(.)
C.stings
ASTM A216 1 WCA 0.80 L0000 30005 2.9.22 20 1600y FERES])
ASTM AZTG ! WCls 0.80 70000 30000 2.9.22 20 18630 it
ASTM A216 1 wCC Q.80 Tuu00 40000 29,22 20 18630 18630
ASTM A352 1 LCB 0.80 63000 35000 2,9, 22 50 17330 16330
Structural
NOTE: Satords suchas pipe, castgn forgngs oo, Hated elsewhere m Appondix A may also be used as structural materials.
ASTM A36 1 0.92 58000 36000 2,5, 34 -20 . W 17800 16900 1ev00
LOV. AND INTERMEDIATE ALLOY STEEL
Seamless Pipe
1t Ny ASTM A333 9B 3 65000 15000 -150 21700 19600 19600
32N ASTM A334 9B 3 65000 35000 -150 21700 19600 19600
Ni-Cr Cu-Al ASTM A333 4 4 60000 35000 —150 20000 19100 18150
2% N ASTM A333 9A 7 65000 35000 -100 21700 19600 14800
20Ny ASTM A334 9A 7 65000 . 35000 ~100 21700 19500 19600
9 Ni ASTM A33) 11A-5G1 8 100000 75000 69 ~320 31700 31700
9 Ni ASTM A334 11A-5G1 8 100000 75000 69 -320 317060 31700
2 Ni-1 Cu ASTM A333 %A 9 63000 46000 ~100 21000
2 Ni-i Cu ASTM A334 9A 9 63000 46000 -100 21000
c-% Mo ASTM A335 3 Pt 55000 30000 3 -20 18300 18500 18100
34 Cr-'a Mo ASTM A335 3 P2 55000 30000 3 -20 18300 18300 18100
5 Cr.%: Mo ASTM A335 5 P53 60000 30000 -20 20000 18200
5 Cr-%: Mo-1%4 Si ASTM A335 5 PSb 60000 30000 ~20 20000 18200 T
5 Cr-%1 Mo ASTM A335 5 P5¢ 60000 30000 -20 20000 18200 17360
7CR-Y%: Mo ASTM A335 5 P7 60000 30000 -20 20000 18200 17300
9 Cr-1 Mo ASTM A335 5 P9 60000 30000 -20 26000 18200 17300
1% Cr-% Mo ASTM A335 4 P11 60000 30000 -20 20000 16TG0 13000
1 Cr% Mo ASTM A335 4 P12 60000 30000 3 -20 20000 18700 18070
1% Si-*4 Mo ASTM A335 3 P15 60000 30000 3 -20 18750 18150 17600
3 Cr-1 Mo ASTM A333 5 P21 60000 30000 -20 20000 18700 18570
24 Crt Mo ASTM A335 3 P22 60000 30000 -20 20000 18700 18000
C-% Mo ADIM A369 3 FP1 55000 30000 3 -20 18300 18300 18100
32Crt2 Mo ASTM A369 3 FP2 55000 30000 3 —20 18300 18300 181D
2Cr% Mo ASTM A369 4 FP3b 60000 30000 -20 20000  IB700 18000
5 Cr-%2 Mo ASTM A369 5 FP5 60000 30000 -20 20000 18200 17300
7 Cr-%2 Mo ASTM A369 5 FP7 60000 30000 -20 20000 18200
9 Cr-1 Mo ASTM A369 5 FP9 60000 30000 -20 20000 18200
1% Cr-¥2 Mo ASTM A369 4 FP11 60000 30000 -20 20000 IETO0 180D
1 Cr-¥a Mo ASTM A369 4 . FP12 60000 30000 3 -20 20000 18700  1BOIO
3Cr-1 Mo ASTM A369 5 FP21 60000 30000 -20 20000 18700 18000
2% Cr-1 Mo ASTM A369 5 FP22 60000 30000 -20 20000 18790 18000
Centrifugally Cast Pipe
ASTM A426 N 3 CcrP1 : 1.00 65000 35000 321 ~20 21700 21700 © 21Ted
ASTM A426 3 CP2 1.00 55000 30000 321 -20 18350 17630 16%3¢
ASTM A426 5 CP5 1.00 906000 60000 21 -20 30000 23000 26030
ASTM A426 5 CP5b 1.00 60000 30000 21 -20 18750 17900
ASTM A426 5 CP7 1.00 60000 30000 21 -20 18730 178 170D
ASTM A426 5 CcP9 1.00 90000 60000 21 -20 30000
ASTM AS26 4 CP11 : 1.00 70000+ 40000 21 -20 23300
ASTM A426 4 CP12 1.00 60000 30000 321 - 20 18730
ASTM A426 3 cPls 1.00 60000 30000 321 =20 18730 18130
ASTM A426 7 CPCA-15 1.00 90000 65000 21 ~20 30000
3 Cr-1 Ma ASTM A426 5 ce21 1.00 60000 30000 21 -20 18750 18100 17+
24 Cr-1 Mo ASTM A426 5 CP22 1.00 70000 40000 21 -20 23300 23300 23300
Electric Resistance Welded Pipe
3*; NiPipe ASTM A333 9B 3 0.85 65000 35000 ~150 18400 16700 16700
215 Ni Pipe ASTM A333 9A 7 0.85 65000 33000 -100 18400 16700 1o7ud
9 Ni Pipe ASTM A333 11A 8 0.85 100000 75000 -320 28300 15300
2 Ni-1 Cu Pipe ASTM A333 9 0.85 63000 46000 ~100 17850
Electric Fusion Welded Pipe
C-Ma AZBIGR A ASTM A135 3 CM65 2 0.85 65000 37000 3 -0 18450 18430 18430
C-MoAISGR B ASTM A133 3 CM70 2 0.85 70000 40000 3 -20 19800 RN Tea 0
C M A200 GRC ASTM ALS5 3 CM75 2 0.85 75000 43000 3 -20 21250 (-
TiCrt Mo A 37 GR2ICLY ASTM Al35 3 2 Cr 2 0.85 55000 33000 3 -20 15550
1Cr Mo A 387 GR12CL1Y ASTM Al53 4 1¢r 2 0.85 55000 33000 3 ~20 15550
1.CrtMo A 3BT GRITCLI ASTM Al35 4 1% Cr 2 0.85 60000 35000 -20 17000
2'.Cr 1M A3R7 GR22CLL ASTM A155 3 2% Cr 2 0.85 60000 30000 -20 17000
5Cr-:Ma A387 GR3CLY ASTM A155 5 5Cr 2 0.85 60000 30000 -20 17000
C-MaA204GR A ASTM A155 3 CM65 3 0.90 65000 37000 3,17 =20 19550
C-Mo A204 GR B ASTM A155 3 CM70 3 0.90 70000 40000 3,17 -20 20950
C-MoAZ04GRC ASTM Al155 3 CM75 3 0.90 75000 43000 3,17 -~20 22500 22500
12Cr':Mo A387 GR2CLI ASTM A1355 3 Y Cr 3 0.90 55000 33000 3,17 -20 16430 16230
1Cr- Mo AJRT GRIICLY ASTM A155 4 1Cr 3 0.90 55000 33000 3.17 -20 16450 16350
1.Crf:Mo AT GRITCLL ASTM Al55 4 1% Cr 3 0.90 60000 35000 17 -20 18000 18000
25Cr TMa A387 GRI2CLL ASTM Al153 5 2% Cr 3 0.90 60000 30000 17 -20 18000 16830
3Cr Mo AJRT GR3CLI ASTM Al155 5 5Cr 3 0.90 60000 30000 17 -20 18000 16300
C-Mo A4 GR A ASTM Al153 3 CM65 3 1.00 65000 37000 3 -20 21700 1700
C-MoA204GR B ASTM A135 3 CM70 3 1.00 70000 40000 3 -20 23300 23300
CMoA204GRC ASTM A153 3 CM75 3 1.00 75000 43000 3 -20 13000 2 uwo
120 Mo ASRT OR 2CLY ASTM Al335 3 Y2 Cr 3 1.00 55000 33000 3 -20 18300 18300
1Cr "\ Mo A387 GR 12CL1 ASTM Al33 4 1Cr 1 1.00 55000 33000 3 -20 18300 18300 1830
PLCr Mo AT GR 11 CLY ASTM A155 4 1% Cr 1 1.00 60000 35000 -20 20000 Jeubo )
I PN AN GR22CET ASTM A135 5 2. Cr 1 1.00 60000 30000 -20 20000 18700 IR
2Cr Mo A3RT GRSCLY ASTM A153 5 5Cr 1 1.00 60000 30000 -20 20000 18200 1739
2WNIATUIGR B ASTM A671 9A CF 70 1

0 or 20 0.85 70000 40000 66,67 -20 19700 17900



APPENDIX A AN3 B33 vapg
TABLE 1
ALLOY AGLE STRESSES IIv TEXNCION FOR MATERIALS (16, 46)
(NUNLURSINFA=NTHESLS REFER TOSTRESS TABLE NOTES. SEE FAGES 98 THROUGH 101) _49 -
(37 Tensile Yield 126) .
TP Factor Strength Strength Min. Temp.
Matersat Specification No. Grade Class (E) Min. PSI Min. PSI Notes Temp. To 100 200 300
CARBON STEEL (Cont.)
Electric FuuonVecided Pipe {Straight Scam) (Cont.)
AP AL 1 A 0.85 45000 IRV 1.2 -2y 13600 13600 13600
APl SL 1 B 0.85 60000 AU 1.2 -20 17000 17000 17000
AMALX P2 x42 0.85 60000 42000 3k, 60 ~20 17000 17000 17000
CAPLALX SP3 X46 0.85 630600 6000 58. 60 -20 17850 17830 17830
AP1SLX $P3 X532 .85 66000 32000 58. 60 -20 18700 18700 18700
APLSLX SP3 x52 0.85 72000 52000 58. 60 -20 20400 20400 20400
A337 GRCI ASTM Al35 0.85 70000 50000 -20 19800 19300 19500
ASTM A135 0.90 70000 50000 -20 21000 210090 206060
ASTM A155 1.00 70000 50000 -20 13300 23300 22900
Spiral Welded Pipe
AITOGR A ASTM A134 1 0.74 45000 25000 5,34 ~20 11050 10550
A3T0OGR B ASTM Al134 1 0.74 49000 30000 5,34 -20 12000 11450
ASTOGRC ASTM A1 1 0.74 52000 33000 5, 34 -20 12750 12150
A370GR D ASTM Al34 1 0.74 55000 40000 5. 34 -20 13500 12850
A570GRE ASTM Al134 1 0.74 58000 42000 5,34 -20 14206 13650
A611 GR A ASTM Al34 1 0.74 42000 25000 5,35 -20 10300 9850
A6l GR B ASTM Al134 1 0.74 45000 30000 5,34 -20 11000 10500
A811 GRC ASTM A} 34 1 0.74 48000 33000 5,34 -20 11800 11200
A611GR D ASTM A134 1 0.74 52000 40000 5, 34 -20 12750 12150
A283GR A ASTM Al134 1 0.74 45000 24000 5,34 -20 {11050 10550
A283GR B ASTM Al34 1 0.74 50000 27000 5,34 -20 12250 11650
A283IGRC ASTM Al134 1 0.74 55000 30000 5,34 -20 13500 12900
A283GR D ASTM Al134 1 0.74 60000 33000 5.34 —20 14750 14000
A285 GR A ASTM A134 1 0.80 45000 24000 34 -20 12000 11700
A2B5GR B ASTM Al34 1 0.80 50000 27000 34 -20 13350 13100
A285GR C ASTM Al134 1 0.80 55000 30000 34 -20 14650 14650
ASTM A139 1 A 0.80 48000 30000 34 -20 12800 12800
ASTM A139 1 B 0.80 60000 35000 34 -20 16000 16000
ASTM A139 1 C 0.80 60000 42000 34 -20 16000 16000
ASTM A139 1 D 0.80 60000 46000 34 -20 16000 16000
ASTM A139 1 E 0.80 66000 52000 34 -20 17600 17600
A570 GR A ASTM A211 1 0.69 45000 25000 5, 34 -20 10300 10000
A5T0GR B ASTM A211 1 0.69 49000 30000 5. 34 —20 11000 10700
ASTOGRC ASTM A211 1 0.69 52000 33000 5.34 -20 11900 11500
A570 GRD ASTM A211 1 0.69 35000 40000 5,34 -20 12600 12050
APl 518 1 A 0.85 48000 30000 58 -20 13600 13600
API 5LS 1 B 0.85 60000 35000 58 -20 17000 17000
Plates & Sheests
Sheets ASTM A570 1 A 0.92 45000 25000 2.5 -20 13800 13300 12800
Sheets ASTM A570 1 B 0.92 49000 30000 2.5 -20 15000 14300 13630
Sheets ASTM A570 1 C 0.92 52000 33000 2,5 -20 15950 15200 14500
Sheets ASTM A570 1 D 0.92 55000 40000 2.5 —20 16800 16100 15500
Sheets ASTM A370 1 E 092 58000 42000 2,5 -20 17800 16950 16350
Sheets ASTM A611 1 A 0.92 42000 25000 2.5 -20 12900 12400 11900
Sheets ASTM A611 1 B 0.92 45000 30000 2,5 ~20 13800 13100 12550
Sheets ASTM A611 1 C 0.92 48000 33000 2,5 -20 14750 14100 13400
Sheets ASTM A611 1 D 0.92 52000 40000 2,5 -20 15900 15200 14600
Plates ASTM A283 1 A 0.92 45000 24000 2,5,34 -20  }j 13800 13200 12550
Plates ASTM AZ28)3 1 B 0.92 50000 27000 2.5,34 -20 15300 14600 14000
Plates ASTM A283 1 C a.92 55000 30000 2.5,34 -20 “ 16900 16100 15350
Plates ASTM A283 1 D 0.92 60000 33000 2.5,34 -20 18400 17550 16750
Plates ASTM A285 1 A 45000 23000 1.2 -20 15000 14600 14200
Plates ASTM A285 1 B 50000 27000 1,2 -20 16700 16400 16000
Plates . ASTM A285 1 C 55000 30000 1,2 —20 18300 18300 17700
Plates (< 17 Thick) ASTM A299 3 75000 42000 2.1 —20 25000 25000 24300
Plates {> 17 Thick) ASTM A299 3 75000 40000 2 -20 25000 24400 23700
Plates ASTM A515 1 55 55000 30000 -20 18300 18300 17700
Plates ASTM A515 1 60 60000 32000 2 -0 20000 19500 18500
Plates ASTM A515 1 65 63000 33000 2 -20 21700 21300 20700
Plates ASTM AS515 1 70 70000 38000 2 -20 23300 23100 22500
Plates ASTM AS16 1 55 55000 30000 2 -20 18300 18300 17700
Plates ASTM A516 1 60 60000 32000 2 -20 20000  19350¢ 18900
Plates ASTM A516 1 65 65000 35000 2 -0 21700 21300 20700
Plates ASTM AS16 1 70 70000 38000 2 -20 23300 23100 22300
Plates ASTM A537 1 Cl.1 70000 30000 -20 23300 23300 22900
Forgings & Fittings
Forgings & Fittings ASTM A105 1 70000 36000 1.2,9 ~20 23300 21900 21300
Forgings & Firtings ASTM Al181 1 1 600060 30000 1.2.9 -2 20000 18300 177u0
Forgings & Fittings ASTM Al181 1 11 70000 36000 1.2,9 -20 23300 21900 21300
Fittings ASTM A234 1 WPA 48000 30000 1,213 -20 16000 16000 16000
Fittings ASTM A234 1 WPB 60000 35000 1,2,13 -20 20000 20000 20000
Fittings ASTM A234 1 WPC 70000 40000 1,2,13 -20 23300 23300 23300
Forgngs & Fittings ASTM A350 1 LF-1 60000 30000 1,2,9.70 -50 20000 18300 17700
Forgings & Fittings ASTM A350 1 LF.2 70000 36000 2,9 -50 23300 21900 21300
Forgings & Fittings ASTM A420 1 WPL-6 60000 32000 2.13 -50 20000 19500 18900



AFrENLUIA A

TABLE 1
ALLOS SBLE STRECSES IN TENSION FOR MATERIALS (16, 46) -50
LenCAS A PAFLNTHESEC KEFEHR TO STRESS TABLE NOTES. SEE PAGES ¢ THROUGH 101 -
137} Tensila Yield (26} Min. "
g Factor Strength Strength Min. Temp.
Matersal Specif:cation Grade Class Temper No. Size Range E) Min. PSI Min, PSI  Notes Temp. To 100 150 200 250 300 350
ALUSINUM ALLOY
Seamless Pipes & Tubes
ANTNM BR210 1060 0 21 0.010"-0.500" 8500 2500 43 ~452 1600 16730 1600 1400 1200 1000
ASTM B141 1060 0 21 Al 8500 2500 43 ~452 1600 1600 1600 1400 12060 1430
ASIM B210 1060 H11Z 21 0.0107-0.300" ¥500 2500 15,43 -452 1600 1600 1600 1400 1200 1000
ASTM B241 1060 Hit2 21 Al 8300 2500 15.43 452 1600 1600 1600 1400 1200 1000
ASTM B210 1060 H14 21 0.0107-0.300" 12000 10000 15,43 ~452 3000 3000 3000 2900 2600 1800
ASTM B210 3003 0 21 0.0107-0.500" 14000 5000 43 ~452 3300 3300 3300 3200 2400 1K00
ASTM 241 3003 0 21 Al 14000 5000 43 ~452 3300 3300 3300 3200 2400 1800
ANTM B210 3003 H14 21 0.610”-0.500" 20000 17000 15,43 -452 5000 5000 5000 4800 31300 3000
AaIMB210 3003 H18 21 0.010"-0.500" 27000 24000 15,43 452 6700 6700 6600 6300 5300 3500
ASTM B210 3003 HI12 21 0.050"-0.500" 13000 4500 15,43 -452 3000 3000 3000 2900 2400 1800
ASTM B241 3003 Hi12 21 Al 14000 5000 15,43 -452 3300 3300 3300 3200 2400 1800
ASTM B210  30U3CLAD 0 23 0.010"-0.500" 13000 4500 43 452 3000 3000 3000 2900 2100 1600
ASTM B241 3003 CLAD 0 21 Al 13000 4500 43 -452 3000 3000 3000 2900 2100 1600
ASTM B210 3003 CLAD Hi112 21 0.050"-0.500" 13000 4500 15,43 -452 3000 3000 3000 2700 2100 1600
ASTM B241 3003 ALCLAD Hii2 21 Al 13000 4500 15,43 -452 3000 3000 3000 2900 2100 1600
ASTM B210 3003 CLAD H14 21 0.010"-0.500" 19000 16000 15,43 ~452 4500 4500 4500 4300 3800 2700
ASTM B210 3003 CLAD H18 21 0.010"-0.500" 26000 23000 15,43 —452 6100 6100 6000 5600 4800 3100
ASTM B210 5050 [ 21 18000 6000 43 —-452 4000 4000 4000 4000 4000 3350
ASTM B210 53052 [1} 22 0.0187-0.450" 25000 10000 43 —452 6200 6200 6200 6200 3600 4100
ASTM B241 5052 0 22 Al 25000 10000 43 —452 6200 6200 6200 6200 5600 4100
ASTM B210 5083 0 25 39000 16000 43 —~452 10650
ASTM B241 5083 0 25 Up thru 5.000" 39000 16000 43 -452 9700 9700
ASTM B241 5083 Hi12 25  Up thru 5.000" 39000 16000 15,43 —452 9700 9700
ASTM B210 5086 0 25 35000 14000 43 —~452 9350 9150
ASTM B210 5086 H32 25 40000 28000 15,43 —452 13300 9900
ASTM B210 5086 H34 25 44000 34000 15,43 —452 14650 10800
ASTM B210 5154 0 22 0.0187-0.450" 30000 11000 43 ~452 . 7300 7300
ASTM B210 5154 H34 22 0.0187-0.450" 39000 29000  15.43 —452 9700 9700
ASTM B210 3456 0 25 41000 19000 43 —-452 12700
ASTM B241 5456 0 25 Up thru 5.000” 41000 19000 43 —~452 10200 10200(1
ASTM B210 6061 T4 23 0.025"-0.500" 30000 16000 15,43 —452 10000 10000 10000 9800 9200
ASTM 8241 6061 T4 23 Al 26000 16000 15,43 —452 8600 8600 8600 8500 7900
ASTM B210 6061 T6 23 0.025"-0.500" 42000 35000 15,43 ~452 14000 14000 14000 13400 11300
ASTM B241 6061 Té6 3 Al 38000 35000 15,43 —452 12600 12600 12600 12200 10300
ASTM B210 6061 Welded 23 24000 15, 50 —-452 6000 5900 5700 5400 5000 4200
ASTM B241 6061 Welded 23 24000 15, 50 -452 6000 5500 5700 5400 5000 4200
ASTM B210 6063 T4 23 22000 10000 15,43 —452 6650 5100 4500 4600 4150 3100
ASTM B210 6063 T6 23 0.025"-0.500" 33006 28000 15,43 —-452 11000 11000 10500 9500 7000
ASTM B241 6063 T6 23 Up thru 1.000" 30000 25000 15,43 —452 10000 10000 9800 9000 6600
ASTM B210 6063 Welded 23 17000 15 —452 4250 4200 4000 3800 3600 2730
ASTM B241 6063 Welded 23 17000 15 ~452 4250 4200 4000 3800 3600 2750
Structural
ASTM B22} 1060 0 21 Al 8500 2500 43 —452 1600 1600 1600 1400 1200 1000
ASTM B221 1060 Hi1z 21 Al 8500 2500 15,43 —452 1600 1600 1600 1400 1200 1000
ASTM B221 3003 . 0 21 Al 14000 5000 43 —452 3300 3300 3300 3200 2400 1800
ASTM B221 3003 H112 21 Al 14000 5000 15,43 —452 3300 3300 3300 3200 2400 1800
ASTM B221 3003 CLAD 0 21 13000 4500 43 ~452 3000 3000 3000 2950 2200 1950
ASTM B221  3003CLAD H112 21 13000 4500  15.43 —452 3000 3000 3000 2950 2200 1950
ASTM B221 5052 0 22 25000 10000 43 —452 6550 6250 6200 6000 5400 4650
ASTM B221 5083 0 25  Up thru 5.000" 39000 16000 43 —452 9700 5700
ASTM B221 5154 0 22 Al 30000 11000 43 —452 7300 7300
ASTM B221 5456 0 25 41000 19000 43 -452 12700
ASTM B22F 6061 T4 23 Al 26000 16000 15,43 —452 8600 8600 8600 8500 7900
ASTM B221 6061 Té 23 Al 38000 35000 15,43 ~452 12600 12600 12600 12300 10500
ASTM B221 6061 Welded 23 34660 15. 50 —452 6000 3900 5700 5400 5000 4200
ASTM B221 6063 T4 23 18000 9000 15,43 —452 6000
ASTM B221 6063 T6 23 Up thru 1.000" 30000 25000 15,43 —452 10000 10000 9800 9000 6600
ASTM B221 6063 welded 23 17000 15 —452 4250 4200 4000 3800 3600 2750
Piates & Sheets ASTM B209 1060 0 21 0.0517-3.0007 8000 2500 43 —452 1600 1600 1600 1400 1200 1000
ASTM B20% 1060 H112 21 1.0017-3.0007 9000 4000 11,15,43 —~452 2200 2100 1900 1700 1400 1000
ASTM B209 1060 H12 21 0.0517-2.000” 11000 9000 15,43 —452 2700 2700 2600 2300 2000 1800
ASTM B209 1060 Hi4 21 0.0517-1.000% 12000 10000 15,43 —452 3000 3000 3000 2900 2600 1800
ASTM B209 1100 0 21 0.051-3.000" 11000 3500 43 —452 2300 2300 2300 2200 1700 1300
ASTM B209 1100 H112 21 2.0 MaxTh 12000 5000 11.15,43 —452 3000 3000 2800 2500 2200 1600
ASTM B209 1100 Hi12 21 0.0517-2.0007 14000 11000 15,43 —452 3500 3500 3500 3200 2800 1900
ASTM B209 1100 H14 21 0.0517-1.000" 16000 14000 15,43 —452 4000 4000 4000 3600 2800 1900
ASTM B209 3003 0 21 0.0517-3.000" 14000 5000 43 —452 3300 3300 3300 3200 2400 1800
ASTM B209 3003 H112 21 2.0017-3.000" 14500 6000 11,15, 43 —452 4000 4000 3900 3800 2400 1800
ASTM B209° 3003 H12 21 0.0517-2.000" 17600 12000 15,43 —452 4200 4200 4200 3900 3600 3000
ASTM B205 3003 H14 21 0.0517-1.000" 20000 17000 15,43 —452 5000 5000 5000 4800 4300 3000
ASTM B209 3003 CLAD 0 21 0.0517-0.4997 13000 4500 11,43 —452 3000 3000 3000 2700 2100 1600
ASTM B209 3003 CLAD Hil2 21 2.001°-3.000" 14500 6000 11,15 43 452 3200 3200 3100 2900 2100 1600
ASTM B20% 3003 CLAD H12 21 0.0517-0.499" 16000 11000 11,15,43 —452 3800 3800 3800 - 3400 3200 2700
ASTM B209 3003 CLAD H14 21 0.0517-0.499” 19000 16000 11,15,43 —452 4500 4500 4500 4300 3800 2700
ASTM B209 3004 0 22 0.0517-3.000" 22000 8500 43 452 5600 5600 3600 5600 5000 3800
ASTM B20S 3004 H112 22 0.250°-3.0007 23000 9000 15,43 —452 6000 6000 6000 6000 5100 3800
ASTM B209 3004 H32 22 0.051"-2.000" 28000 21000 15,43 -452 7000 7000 7000 7000 5700 3800
ASTM B209 3004 H34 22 0.0517-1.000" 32000 25000 15,43 —-452  B0OOO 8000 8000 8000 5700 3800
ASTM B20$ 3004 CLAD 0 22 0.0517-0.4997 21000 8000 11,43 —452 4900 4900 4900 4900 4500 3400
ASTM B209 3004 CLAD H112 22 0.2507-0.499" 22000 8500 11,1543 -452 5200 5200 5200 5200 4600 3400
ASTM B209 3004 CLAD H32 22 0.0517-0.499" 27000 20000 11,1543 —452 6300 6300 6300 6300 5200 3400
ASTM B209 3004 CLAD H34 22 0.051°-0.499" 31000 24000  11,15,43  -452 7200 7200 7200 7200 5200 3400
ASTM B209 5050 0 21 0.0517-3.000" 18000 6000 43 —452 4000 4000 4000 4000 4000 3400



APPENDIX A

TABLE 1

ALLOWABLE STRESSES IN TENSION FOR MATERIALS (16, 46)

(NUMBERS IN PARENTHESES REFER TO ST

RESS YABLE NOTES. StE PAGES 28 THROUGH 101

ANS. B312 1976
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37} Tensile ¥Yield 126} ™M,
e Factor Strength Strength Min. Temp.
Muaterial Specification No. Grade Class {E} Min. PSI Min, PSI Note Temp. To 100 200 300
AINLESS STEEL (4) {40} {Cont.}
Efectiic Fusion Welded Pipe and Tubes (Cont.}
Type 316 A240 ASTM A58 8 316 2 0.85 75000 jugao £b, 20, 23,36 --325 17000 iTedo 17000
Ty pe 347 A240 ASTM A358 8 347 2 0.83 75000 30000 6a. 20,36 —425 17000 H ] 17000
Type 321 A240 ASTM A358 8 kYA 2 0.85 75000 36000 6a. 20, 36 325 17000 du 170900
Type 3095 AZ30 ASTM A358 8 3098 2 0.85 73000 30000 6b. 28, 36.52 17000 00 Ty
Type 3108 A240 ASTM A358 8 3108 2 0.85 75000 30000 28. 36, 52 17000 3700 17ua0
Type 310S A240 ASTM Al38 8 3108 2 0.85 75000 30000 6.28,36.52 ~325 17000 17900 17000
Type 348 AZ40 ASTM A358 8 348 2 0.85 75000 30000 6a, 20, 36 -325 17000 17000 17000
Type 304 A240 ASTM A358 8 304 090 75000 30000 6b, 17, 20. 23, 36 425 18000 18u00 18000
Tvpe 316 A240 ASTM A338 8 316 0.90 73000 30000 6b, 17.20. 23, 36 -325 18000 a0 15000
Type 347 A240 ASTM A58 8 347 0.90 75000 30000 6a.17. 20,36 -425 13000 1200¢ 18000
Type 321 A240 ASTM A358 8 321 0.90 75000 30000 6a, 17,20, 36 -325 18000 18000 15000
Type 3098 A240 ASTM A3S8 8 309S 0.90 75000 30000 6b.17, 28, 36, 52 -325 18000 15000 18000
Type 3105 A240 ASTM A338 8 3108 090 75000 30000 17,28, 36,52 -325 18000 18000 18000
Type 310S A240 ASTM A358 8 3108 0.90 75000 30000 6.17,28, 36,52 -325 18000 18000 15000
Type 348 A240 ASTM A358 8 348 0.90 75000 30000 6a, 17, 20, 36 —~325 18000 18000 18000
Type 304 A240 ASTM A358 8 304 1 1.00 75000 30000 6b, 20, 23, 36 —425 20000 20000 20000
Type 316 A240 ASTM A358 8 316 i 1.00 75000 30000 6b, 20, 23, 36 -325 20000 2ouo0 2v000
Type 347 A240 ASTM A}58 8 347 1 1.00 75000 30000 6a, 20, 36 —425 20000 J0d00 . 29000
Tvpe 321 A240 ASTM A358 8 321 1 1.00 75000 30000 6a. 20, 36 ~325 20000 20000 2unog
Type 309 A240 ASTM A358 8 3098 1 1.00 75000 30000 6a, 28, 36,52 -325 20000 20000 20000
Type 3105 A240 ASTM A358 8 3108 1 1.00 75000 30000 28, 36, 52 —-325 20000 20000 Z0une
Type 3105 A240 ASTM A358 8 3108 1 1.00 75000 30000 6. 28, 36,52 -325 20000 20000 20u00
Type 348 A240 ASTM A3538 8 348 1 1.00 75000 30000 6a. 20, 36 -325 20000 20000 20000
18Cr-8Ni Pipe ASTM A409 8 TP304 0.85 75000 30000 6b, 20, 23, 36 —425 17000 17000 17000
23Cr-12Ni Pipe ASTM A309 8 TP30% 0.85 75000 30000 6b, 28, 36, 41, 52 =325 17000 17000 17000
25Cr-20Ni Pipe ASTM A409 8 TP310 0.85 75000 30000 &b, 28. 36, 41,52 -325 17000 17000 17000
18Cr-10Ni-Ti Pipe ASTM A409 8 TP321 0.85 75000 30000 6a, 20, 36 --323 17000 17000 L7000
18Cr-10N1-Ch Pipe ASTM A409 8 TP347 0.85 75000 30000 6a, 20, 36 425 17000 17000 17090
16Ce-12Ni-2M.- Pipe ASTM A409 8 TP316 0.85 75000 30000 6b, 20, 23. 36 -325 17000 17000 17040
18Cr-1 3Ni-3Mo Pipe ASTM A409 8 TP317 0.85 75000 30000 6b, 20. 23. 36 -325 17000 17000 17000
18Cr 10Ni-Cb Pipe ASTM A309 8 TP348 0.85 75000 30000 6a, 20, 36 =32 | 17000 17000 17000
Plates and Sheets
16Cr-6Nt ASTM Al167 8 301 75000 30000 6b, 12,23 -325 20000 16650 15000
1RCT-8Ni ASTM A167 8 302 75000 30000 6b,12, 20, 23 ~325 20000 20000 20000
18Cr-8Ni ASTM Al167 8 302B 75000 30000 6b, 12,20, 23 =325 20000 20000 20000
18Cr-8Ni ASTM A167 8 304 75000 30000 6b, 20, 23, 36 —425 20000 20000 20000
18Cr-8Ni ASTM Al167 ] 304L 70000 25000 36 —425 166350 16630 16650
BCr-10Ni ASTM Al167 8 305 70000 25000 6b, 12,23 -325 16700
20Cz-10Ni ASTM A167 8 308 75000 30000 6b, 23,36 -325 20000 16650 15000
23Cr-12Ni ASTM Al67 8 309 75000 30000 6b.12,28,52 —325 20000 20000 20000
23Cr-12Ni ASTM Al167 8 3095 75000 30000 6b, 28, 36, 52 -325 20000 20000 20000
25Cr-20Ni ASTM A167 8 310 75000 30000 12, 28,52 —325 20000 20000 20000
25Cr-20Ni ASTM Al67 8 310 75000 30000 6,12, 28,52 =325 20000 20000 20000
25Cr-20Ni ASTM A167 8 3108 73000 30000 6b. 28, 36, 52 -315 20000 20000 20000
16Cr-12Ni-2Mo ASTM A167 8 e 75000 30000 6b, 20, 23, 36 -325 20000 20000 20000
16Cr-12Ni-2Mo ASTM A167 8 316l 70000 25000 36 -325 16650 16650 16650
18Cr-13Ni-3Mo ASTM A167 8 317 75000 30000 6b, 20, 23, 36 -325 20000 20000 20000
18CR-13Ni-3Mo ASTM A167 8 3n7L 75000 30000 36 -325 20000 20000 20000
18Cr-10Ni-Ti ASTM Al167 8 3z 75000 30000 6a, 20, 36 -325 20000 2uo0n 2000
18Cr-10Ni-Cb ASTM Al167 8 347 75000 30000 6a, 20, 36 —425 20000 20000 20000
18Cr-10Ni-Cb ASTM A167 8 348 75000 30000 6a, 20, 36 —325 20000 20000 20000
18Cr-8Ni ASTM A240 8 302 75000 30000 6b,12, 20,23 —325 20000 20000 20000
18Cr-8Ni ASTM A240 8 304 75000 30000 6b, 20, 23. 36 —425 20000 20000 20000
18Cr-8Ni ASTM A240 8 304L 70000 25000 6b, 36 —125 16650 16650 16530
18Cr-10Ni ASTM A240 8 305 70000 25000 6b, 12,2 —325 16700
23Cr-12Ni ASTM A240 8 3098 75000 30000 6b, 28, 36,52 ~325 20000 20000 20000
25Cr-20Ni ASTM A240 8 3108 75000 30000 6b. 28, 36, 52 -3235 20000 20000 20000
16Cr-12Ni-2Mo ASTM A240 8 316 75000 30000 6b, 20, 23, 36 —325 20000 20000 20000
16Cr-12Ni-2Mo ASTM A240 8 316L 70000 25000 36 ~325 16650 16650 166350
18Cr-13Ni-3Mo ASTM A240 8 317 75000 30000 6b, 20, 23, 36 -325 20000 20000 20000
18Cr-13Ni-3Mo ASTM A240 8 317L 75000 30000 36 -325 20000 20000 20000
18Cr-10Ni-Th ASTM A240 8 321 75000 30000 6a. 20, 36 —325 20000 20000 20000
18Cr-10Ni-Cb ASTM A240 8 347 75000 30000 6a, 20, 36 425 20000 20000 20000
18Cr-10Ni-Ch ASTM A240 8 348 75000 30000 6a, 20, 36 ~325 20000 22000 20000
12Cr-Al ASTM A240 7 405 60000 25000 28 -20 16706 18900 15400
13Ce ASTM A240 6 410 65000 30000 28 =20 20000 19100 16400
13Ce ASTM A240 7 4108 60000 30000 28, 31 -20 20000 19100 18400
13Cr ASTM A240 6 429 65000 30000 28 ~20 20000 19100 18400
17Cr ASTM A240 7 430 65000 30000 28 -20 20000 19100 18400
18Cr-Ti-Al ASTM A240 XM8 65000 30000 28 —-20 20000
Forgings and Seamless Fittings
18Cr-8Ni ASTM A182 8 F304 75000 30000 9, 20, 23, 32 —425 20000 20000 20000
18Cr-8Ni ASTM A182 8 F304H 75000 30000 9,23,32 -325 20000 20000 20000
18Cr-8Ni ASTM A182 3 F304L 65000 25000 9 —425 16650 16650 16650
25Cr-20Ni - ASTM A182 8 F310 75000 30000 9,28, 41,52 —~425 20000 20000 20000
25Cr-20Ni ASTM A182 8 F310 75000 30000 6,9,28,41.52 —425 20000 23000 200600
16Cr-1.2N1-2Mo ASTM A182 8 File 75000 30000 $.20,23.32 -325 20000 20600 20000
16Cr-12Ni-2Mo ASTM A182 8 F316H 75000 30000 9,23, 32 -325 20000 20000 20000
16Cr-12Ni-2Mo ASTM A182 8 F316L 65000 25000 9 -325 16650 16630 16650
18Cr-10Ni-Ti ASTM A182 8 F321 75000 30000 63,9.20,32,36 -325 l20000 20000 20000
18Cr-10Ni-Ti ASTM A182 8 F321H 75000 30000 9,32 T =325 20000 20000 20009

For shaded arcas sec Note 4
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STAINLESS STEEL BUTT-WELDING FITTINGS

FOREWORD

ANSI B16.9 is the American Standard for
steel but-welding fittings and although not so
stated, it is implied that its scope deals primarily
with the schedules of wall thicknesses which are
common to carbon steel and the grades of alloy
steel piping that are selected for pressure
and temperature considerations.

The rapid expansion of the process industries
in the field of chemicals, plastics, textiles, etc. has
created a demand for a class of pipe referred to as
stainless piping, using this word in its generic
sense. This field employs the use of the austenitic
stainless steels and also nickel and its related alloys.
This stainless piping is used with resistance to
corrosion, elimination of product contamination,
or combination of the two as the principle reason
for material selection. Pressure is seldom, if ever,
a critical consideration.

When pressure is a consideration reference is
made to ANSIB16.9.

Mechanical strength, resistance to vacuum,
and economy, are the most usual criteria in the
selection of pipe thickness in this field for this
reason, the wall thicknesses employed in the field
of corrosion resistant pipe are lighter than those in
common usage with carbon steel piping.

In 1949 ANSI approved standard B36.19
Stainless Steel Pipe in which a schedule of wall
thickness was established and designated as
Schedule 108 for sizes 3/4 in. inclusive. Numerous
companies were also using a wall thickness lighter

than Schedule 10S for services where contamina-
tion rather than corrosion was the prime considera-
tion. These lighter wall thicknesses were designated
Schedule 58 and the original 1950 edition of SP-43
established a series of Schedule 58S fittings. The 58S
thicknesses were published in SP43 and were
developed in cooperation with representatives of
the various principal chemical companies and
processing industries. In 1952 the Stainless Steel
Pipe Standard B36.19 was revised to recognize the
Schedule 5S wall thickness pipe as American
Standard.

The purpose of this standard is to provide
industry with a set of dimensional standards for
butt-welding fittings that can be used with these
light wall pipes of corrosion resisting materials.
The center-to-end dimensions of all fittings are
identical with those in ANSI B16.9 which give
to industry the advantage of uniform design room
practice and a maximum utilization of existing die
equipment. The only departure from this is in the
lap-joint stub end where for purposes of economy
the face-to-end of the product has been reduced
for usg with thin wall piping.

The advantages of longer center-to-end
dimeasions of the size 3/4 elbows resulted in the
change in the tables to permit a gradual change-
over, providing the manufacturers ample time to
deplete existings stocks, re-tool and replenish
stocks.

An MSS. Standard Practice is intended as a basis for common practice by the maru-
facturer, the user, and the general public. The existence of an MSS Standard Practire
does not in itself preclude the manufacture, sale, or use of products not conforming
to the Standard Practice. Maridatory conformance is established only by reference in
a code, specification, sales contract, or pubiic law.

No part of this docurient may be reproduced in any form, in an electronic re-
trieval systern or otherwise, without the prior writ*ai permission of the society.
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SP-43

WROUGHT STAINLISSSTHEL.
BUTT-WELDING FITTINGS

SCOPE

1.1 This standard covers overall dimen-
sions. tolerances. und markings for wrought
stuinless steel butt-welding fittings. In this
standard  “wrought™ is used to denote
fittings made of pipe. tubing. plate, bur,
sheet. stnp or forgings.

1.2 This standard covers only fittings
muade for use with Schedule 55 or 10S
pipe as given in ANSI B36.19, except that
short pattern stub ends suitable for use
with Schedule 408 are also shown.

1.3 Annex A. Table Al hsts the dimen-

sions of stainless steel pipe with which
these fittings are intended to be used.

PRESSURE RATINGS

2.1 Fittings produced under this standard
shall carry the following ratings: (Schedule
5S piping is not reconunended for use at
temperatures above 400F (2000).

Temp PSI
F 10S 58
1100 275 225
150 255 215
200 - 240 200
250 225 190
300 210 175
350 195 165
400 180 150
450 165 -
500 150 -
550 140 -
600 130 -
650 120 -
700 110 -
750 100 —

Temp Burs
C 108 55
- 38 18.9 15.5
50 18.3 15.2
100 16.3 13.6
125 15.4 12.9
150 14.4 12.0
175 13.5 11.4
200 12.6 10.5
225 11.06
250 10.7
275 9.9
300 9.3
328 8.7
350 8.1
375 7.5
400 6.8

2.2 Fabricated Tees

cinploying intersee-

tion welds shall be considered in this stan-

dard and shall be rated at 707 of thesce
ratings.

2.3 For fittings of sume pressure rating
of matching pipe. refer to ANSI B16.9.

SIZE

The size of the fittings in Tables 1 through
6 and Bl through B6. and Annex A s
identified by the correspondimg nominal
pipe size.

MARKING

4.1 Each fitting shall be marked to show
the following:

a) Manufacturer’s name or trademark
b) “CR™ followed by the material

(identification symbol established for
the respective grade in the uappro-
priate. ASTM or AISI specifications).
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FLEX-WWIELD

BUTT-WELDED

ARRNKULAR

CORRUGATED

HOSE

pressure.

1. Maximum Working Pressure — Maximum pressure hose may be sub-
jected to during operation. Based on 25% of the Rated Burst Pressure.

2. Maximum Test Pressure — Maximum pressure hose may be subjected
to for inspection. Based on 150% of the Maximum Working Pressure.

3. Rated Burst Pressure — Pressure at which hose may fail.
pressures published in this catalog were obtained with the hose at
70°, installed straight, and subjected to a constantly increasing

Burst

FLEX-WELD STAINLESS STEEL
(FWSS)

Construction But.t‘Welded annular corrugated
' metal hose.

*Size Range 14,7 thru 16” L.D.

Rated Burst Up to 15,00C PSIG, depending

Pressure on size and temperature
Temperature Up to 1500° F.—321 S.ST.
Up to 1000° F.—316-L S.ST.
Up to 1000° F.—304-L S.ST.
Up to 1000° F.—Perma-Hose
ELTRLIES R R TR B N T A

FLEX-WELD CARBON STEEL
(FWCS)

Butt-welded annular corrugated
metal hose.

Construction

*Size Range 147 thru 127 I.D.

Up to 5,200 PSIG, depending
on size and temperature

Rated Burst
Pressure

Temperature Up to 850° F.

FLEX-WELD BRONZE
(FwB)

Construction Butt-welded annular corrugate

metal hose.

*Size Range 1.7 thru 6” .D.
Rated Burst Up to 4,200 PSIG, depending
Pressure on size and temperature
Temperature Up to 450° F.
R T e T R e e e e T R LTSRN T

FLEX-WELD MONEL
(FWmM)

Butt-welded annular corrugatec
metal hose.

Construction

*Size Range 147 thru 10” 1.D.
Rated Burst Up to 9,000 PSIG, depending
Pressure on size and temperature
Up to 800° F.

Temperature

* Larger sizes availeble on application.



......

Light weight Type 321
and Type 316°*.
Oiher grades available
on apolication.

FWSST-30— Unbraided
FWSST-31— Single Braided

STAINLESS STEEL » LIGHT W

- Ty T T T T ‘ | #in. C Rated Burst
MNoTiinal Namical | _83_5‘_‘- Pireesure @ 70°
Hose . Hese inter- : P.S.1L.G.
1.D. Product 0.0. , mittent Siatic Silver | : i Silver i
‘n-hes Number o Iriches Fieving Rend Brazed : Welded ZIe ! Walded ! Brazed | Welde:
3 FWEST-30 .30 1.20 7 2 32 32 d
Ya FWSST-31 42 1.26 7 2 875 700 1050 3500 2300
FWSST-30 .35 1.35 8 215 26 26 36
1 FWEST-31 .52 1.41 8 214 675 - 575 850 2700 2300
1 FVWSST-30 44 1.67 83/ 3 20 20 30 i
1% | PWSST-31 .67 1.73 8y, 3 550 450 675 2200 1800
FWSST-30 .62 2.00 93, 315 14 14 24
1% FWSST-31 .94 2.07 93/, 315 500 400 600 2000 1600
FWSST-30 .76 2.50 10 41/ 10 10 20
2 FWSST-31 1.16 2.57 10 415 450 350 525 1800 1400
FWSST-30 1.50 3.22 14 7 10 10 i 20
2 FWSST-31 2.97 3.28 14 7 450 325 675 475 1800 1300
FWSST-30 1.65 3.74 16 8 8 8 16 16
3 FWEST-31 2.45 3.82 16 8 400 300 600 450 1600 1200
FWSST-30 1.90 4.30 19 Qi 8 8 16 16
3% FWSST-31 2.70 -4.38 19 9z 375 250 550 375 1500 1000
FWSST-30 2.20 4.81 24 10-: 6 6 15 15
4 FWSST-31 3.10 4.89 24 10%; 350 225 525 325 1200 950
FWSST-30 3.00 6.00 26 13 a4 4 15 15 E :
5 FWSST-31 4.70 6.13 26 13 250 200 378 300 1100 800
FWSST-30 3.20 6.90 28 14 3 3 15 15
6 FWSST-31 4.90 7.03 28 i4 200 175 300 250 1000 700

*Type 316 available on application.
Refer to page 4 for explanation of pressure ratings. For higher pressure requirements, contact FLEX-WELD, INC.

NOTE: Refer to page 12 for elevated temperature correction factors and live length required for offset or lateral motion.
For puisating or shock pressure applications, consult FLEX-WELD engineers. Larger sizes available on application.

LAP-WELDED STAIRLESS STEEL  woeee

FLWSS-30 — Unbraided
STAINLESS STEEL

FLWSS-31 — Single Braided

. , . Maximum i
Nominal Approx. Nomipat +Min.C'L Bend}".adzus for Working Mzximum Test Ra‘ed Bu:
Hose 1.D, Product Weight Per Hose O.D. * intermijttent | Static Pressure @ Pressure @  Pressure
Inches Number Ft. Lbs. Inches ' Flering Eend 70 F.S.LG. 7Q- P.5.1.G. 170 P.S.1
FLWES-30 17 1.21 : 5 27z ! !
1 FLWSS-31 .29 1.37 5 2k £50 ! 825 1 2200
FLWSS-30 .27 1.62 | 6 3
1% FLWSS-31 .50 1.68 | 6 3 525 785 2100
FLWSS-30 .35 1.63 7 3Y:
1% FLWSS.31 .67 2.00 7 3% 475 615 1500
. FLWSS-30 .48 2.50 8 4
Dt & 2 FLWSS-21 .88 2.56 | 8 4 375 560 1500
FLWSS-30 .55 3.00 | 13 6
2% FLWSS-31 1.12 3.06 13 6 300 450 1200
= ) FLWSS-30 .62 3.50 14 7
‘ ‘:)P;oL %, 3 FLWSS-31 1.42 3.56 14 7 250 375 1000
FLWSS-30 1.10 4.75 15 7%
4 FLWSS-31 2.20 4.81 : 15 7+ 185 275 750
FLWSS-30 1.80 6.92 ' 19 ]
6 FLWSS-31 3.50 6.98 18 9 135 200 £50

‘Type 316 available on application

Refer to page 4 for ~xplanation of pressure ratings. For higher pressure requirements, contact FLEX-WELD, INC.
NOTE: Refer {o page 12 for elevated temperature correction fz“tors and live length required for offset or lateral motion.
For pulsating or stock pressure applications, consult FLEX wW¥1.D engincers, Larger sizes avai'able on application.
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Eciries 10CO Bellows ~58-

Sizes -— Va” through 48" I.D.

MANUFACTURED WITH STANDARD TOOLING
321 Stainless Steel (other materiais avaitabte on request)
CTNNOVTE  LeENGTH

1000 CYCLES

cree) OPER-

HSQ%ER lng 12?’.4 E/IFE\E{ ﬁ;‘:;_ rz_mg] 4 INCH 6 INCH 8 inCH

1000 — SURE| A | B c A lslc [alBs ]| ¢ A [ B ] ¢

0222 A| 2.264 | 2.750 4.94 st | 102]| 36 1.710 29 1813419 | 13| 12 | 5.129 7 3 | 6.838
0222 8| 2264 | 2750 | 494 | 73 | 146, 63 1.425 50| 31|2849 | 22| 21 | az74 12 15 5.699
0222 D| 2.264 2750 | 494 | 130 | 260, 149 1.069 117} 7412137 | 52 49 3.206 29 | 37 4274
0222 E| 2.264 2.750 | 494 | 203 | 406 292 .855 229 | 146|1.710 | 102 | 97 2.564 57 73 3.419
0222 G| 2.264 2,750 | 4.94 293 | 586, 504 712 396 | 252|1.425 | 176 168 2.137 99 | 126 2.849
0222 3| 2.264 2.750 | 4.94 457 | 914 985 570 774 | 492]1.140 | 344 |328 1.710 194 | 246 2.279
0223 Al 2.287 2780 | 506 | 47 94| 58 1.041 46| 292081 20| 19 3.122 12 14 4.162
0223 B| 2.287 2.790 | 5.06 | 68 136 | 101 .867 80| 50/1.734| 35| 33 2.601 20 | 25 3.468
0223 D| 2.287 2.790 | 5.06 121 242 | 240 650 189 | 1201301 | 84| 80 1.951 47 | 60 2.602
0223 €| 2.287 2,790 | 5.06 190 | 380 469 .520 369 | 234/1.041 | 164 |156 1.561 92 | 117 2.081
0223 G| 2.287 2.790 | 5.06 273 | s546| 811 .433 546 | 405| .867 | 283|270 1.300 159 | 202 1.734
0223 4| 2.287 2.790 | 5.06 427 | 8541584 .347 854 | 792| .694 ;553|528 1.041 311 | 396 1.387
0223 L | 2.287 2.790 5.06 615 | 12302737 .289 1230 {1368 | .578 | 956 912 T .867 538 | 684 1.156
0231 A| 2.375 3.000 5.67 31 62| 27 1.860 22 13(3.720 | 10| @9 5.580 5 6 7.440
0231 8| 2375 3.000 5.67 44 88| a8 1.549 38| 243099 | 17| 16 4.648 9 12 6.198
0231 D] 2.375 | 3.000 5.67 79 1581 114 1.162 90| s7(2325| a0l 38 3487 | 22 | 28 4.650
0231 E| 2375 3.000 | 5.67 123 | 246 223 .930 176 | 1111860 | 78| 74 | 2.790 ! aa 55 3.720
0231 G| 2.375 3.000 5.67 177 | 354 386 .775 304 | 193{1.550 | 135|128 2325 | 76 | 96 3.101
02314 | 2.375 3.000 5.67 276 | 552, 755 .620 552 | 377}1.240 | 264 | 251 1.860 | 148 | 188 2.480
0231 L| 2.375 | 3.000 5.67 398 796 1 1304 517 796 | 652|1.033 | 455 | 434 1550 | 256 | 326 2.067
0241 A| 2.400 | 3.080 | 5.90 26 52| 24 1.992 19 12 |3.984 9| 8 5.977 5 6 7.969
0241 B 2400 | 3.080 | 5.90 37 741{ 42 1.661 33| 21{3.322| 15| 14 4,982 8 10 6.643
0241 O| 2.400 | 3.080 5.90 66 122 | 100 1.245 79! s0|/2491] 35| 33 | a.73e 20 | 25 4.981
0241 E | 2.400 3.080 5.90 104 | 208, 195 .996 154 | 97]1.992 | 68| 65 | 20988 | a8 | a8 3.984
0241 G| 2.400 | 3.080 | 5.90 149 | 2981 338 830 266 | 169]1.660 | 118 | 112 2490 | 66 | 84 | 3320
0241J | 2400 | 3.080 | 590 234 468Lsso .664 468 | 330 1.328 | 231 | 220 1.992 | 130 | 185 2.656
0251 A| 2.500 3.000 | 5.94 48 96| 61 1.077 49| 3021541 22] 20 | 3231 ' 12 | 15 4.308
0251 8| 2500 | 3.000 5.94 69 138 | 106 .898 84 53/1.796 | 37! 35 | 2894 ! 21 26 3.592
0251 0! 2.500 | 3.000 | 504 123 | 246 283 673 199 | 126]1.3a7 | 881 84 | 2020 | s0 | e3 2.693
0251 E| 2500 | 3.000 | 5.94 192 | 384 494 .539 384 | 2471077 1720164 i 1616 | 97 123 | 2.1s54
0251 G| 2500 | 3.000 | 5.94 276 | 552! 853 .449 552 | a26| 897 !298 284 | 1346 | 168 213 | 1795
0251 J | 2.500 | 3.000 | 5.94 432 | 864 11667 .359 864 | 833| .718 | 582 555 1.077 | 327 |a1e | 1436
0251 L 2.500 | 3.000 5.94 622 | 1244 {2881 .299 1244 | 1440 | 598 hooG ‘960 808 ! se6 | 720 | 1.187
0252 A| 2,500 | 3.000 5.94 48 96 | 59 ] 1300 | 40| 25!2599 | 18] 17 . 35899 ' 10 12 | 5198
0252 8| 2500 | 3.000 | 5.94 69 138 | 88 1083 | 69| 442166 31| 29 3250 | 17 22 | 4333
0252 D] 2,500 | 3.000 | 5.94 123 | 246 | 209 .813 165 | 104 |1.625 | 73| 69 2.438 | a1 52 | 3251
0252 E | 2.500 | 3.000 5.94 192 | 384 | 409 650 322 | 204 |1.300 | 143|136 1.949 | 80 |102 2.599
0252 G| 2,500 | 3.000 5.94 276 | 552 | 707 .542 552 | 353 |1.083 | 247 {235 1.625 | 139 176 2.166
0252 J | 2500 | 3,000 | 5.94 432 | 864 1381 .433 864 | 690 | .867 | 482 460J;14300 271 | 345 1.734
0253 A| 2.500 | 3.200 [ 6.38 24 g | 34 2.015 19 12 {4.030 9| 8 6.045 5 6 8.061
0253 B | 2500 | 3.200 | 6.38 35 o | 42 1.679 33| 21(3358| 15| 14 5.037 8 10 6.716
0253 D | 2.500 | 3.200 | 6.38 63 126 | 190 1.260 79! 502520 | 35| 33 3.779 20 | 25 5.039
0253 E | 2500 | 3.200 | 6.38 98 196 | 195 1.008 154 | 97]2.015 | 68| 65 3.023 38 48 4.030
0253 G| 2.500 | 3.200 | 6.38 141 282 | 337 .839 265 | 168 [1.679 | 118 [112 2.518 66 84 3.358
0253 4 [ 2.500 | 3.200 ! 6.38 220 | 4po | esp 672 518 | 329 [1.3a3 {230 |219 2.018 130 | 164 2.687
0253 L | 2500 | 3.200 | 6.38 317 | 684 114D 560 896 | 570 [1.120 | 398 |380 1.679 224 {285 2.239

| SQUIEM PIESSYRE
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Allowable uniformly distributed loads are listed for various simple spans, that is,

load is concentrated at center of span, multiply load from table
Stress 25,000 #/sq. in. — Recommended for use where deflection is not a factor on long spans.

JMSTRAT

Deflection 1/240 span — Recommended for use when deflection is a factor.

Cf\":!'\-\,l
T

T g,
'oLD
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beam on two supports. If
by 0.5 and corresponding deflection by 0.8.

Column loadings are for allowable axial loads for the unsupported heights listed. If loads are eccentric, loads
should be reduced according to standard practice.
BIvL ALY DO
BEAM SPAN UNIFORM  DEFLECTION UNIFORM MAX. BEAM SPAN UNIFORM  DEFLECTION UNIFGRM MAX.
OR COLUMN LOAD AT AT LOAD @ MAX. LOADING OR COLUMN LOAD AT AT LOAD @ MAX. LDADING
U NSUPPQRTED SECTION 25,000 PSt 25,000 PS! DEFLECTION= aF UNSUPPCRTED SECTION 25,000 PSI 25,000 PSt  DEFLECTION= 0
HEIGHT NUMBER STRESS STRESS 1/230 SPAN  COLUMN HEIGHT NUMBER STRESS STRESS 1/240 SPAN  COLUMN
P 1000 1690 06 9,600 P 1000 680 .35 490 5,770
Pl1OGY 22,000 P 1001 1910 19 18,200
24” P 1001 C41 38,000 60" P 1001 Ca1 3820 19 34,500
P 1001 3 27,700 P 10013 4220 13 21,500
P 1004 A e 32,400 P1004A 5550 13 27,200
P 1000 1350 09 8,900 P 1000 560 .50 340 5,000
P 1001 3810 .05 21,600 P 1001 1590 .28 16,300
30" P1w001C4T . 37,500 72" P1001C41 3180 .28 32,500
PlOOI3 27,200 P 1001 3 3520 a8 18,200
P1004 A T 31,800 P 1004 A 4630 e 24,400
P 1000 1130 a2 8,650 P 1000 480 .68 250 4,300
P 1001 3180 07 21,000 P 1001 1360 .38 1250 14,800
36" Pploortcay 37,000 84" P 1001 C41 2720 .38 2500 30,500
PlOI3Z 26,200 P 1001 3 3020 .25 14,400
P 1004 A B L 31,400 P 1004 A 3970 .25 . 21,300
P 1000 970 A7 7,700 P 1000 420 .88 190 3,850
P 1001 2720 10 20,600 P 1001 1190 .50 960 13,000
472" P 1001 C41 5440 10 36,500 96” P 1001 C41 2380 .50 1920 28,000
P1OO13 . . 25,300 P 1001 3 2640 .33 11,200
P 1004 A L 30,500 P 1004 A 3470 .33 17,800
P 1000 850 22 760 6,700 P 1000 340 1.38 120 2,900
P 1001 2380 12 20,200 P 1001 950 .78 610 7,700
48" P 1001 Ca1 4750 12 36,000 120" P 1001 C41 1900 .78 1220 22,000
P 10013 24,000 P 1001 3 2110 51 2060 6,600
P 1004 A 29,500 PI1004 A 2780 51 2670 11,000
LI > CF Sl
Arec of Axis 1-1 Axis 22
Wwe./ Fe, Section 1 H r 1 H r
Part No. Lbs. Sq. In. Int In.? In. Int In? in.
P 1000 1.90 .555 186 203 .579 239 294 655
P 1003 3.35 975 325 261 577 799 .400 905
P 1001 3.80 1.110 930 572 915 .478 .588 656
P 1001 D3 5.70 1.665 1.302 699 884 1.450 892 933
P 1001 C3 5.70 1.665 1.413 .745 921 1.521 .788 956
P 1001 €41 7.60 2.220 1.860 1.145 915 2.422 1.490 1.044
P 1001 3 5.70 1.665 3.132 1.267 1.371 717 .882 656
P 1004 A 6.70 1.950 4.062 1.666 1.443 . 1.107 1.207 754
| — Moment of Inertia S — Secticn Madulus r — Radius of Gyration

Re=sistanza to Siip -—— 15CC Lbs. pe- boir

Pull Qut Srremgth —

2003

Miniro~ Sgfet. Tartar of 3

Los. per poit




CONVERSION
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VARIOUS STATIC LOADING CONDITICNS

SAFETY FACTORS

Loads in the load tsbles have a safety factor of ap-
proximately 2.4 based on the tensile or ultimate
strength of the steel. This is adequate for many ap-
plications. However, certain codes require other safety

FCR ZIZAMAS WITH
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Check Table 2 for the application or safety factor and
read the correction factor. Multiply load and deflection
by the correction factor. This is the new design load
and deflection,

factors and the loads, therefore, must be modified
accordingly.
TABLE 2
Maximum
Safety Stress Correction
Factor Lbs./Sq. In. APPLICATION Factor
Displays
2.4 25,000 \ Storage Racks 1.00
3 20,000 Mezzanines .80
Structural Supports
Electrical Supports
4 15,000 Machine Frames .60
S 12,000 Mechanical Supports for Pressure Piping .48
Safety factor as used in this catalog is the ratio of
the ultimate load or stress at failure to the design
load or stress.
EXAMPLE | EXAMPLE I}
PROBLEM: PROBLEM:

Determine beam size required to carry 900 pcunds
uniform with a 6’-0’’ span and a safety factor of 3,

SOLUTION:

A. Check load tables for size of members that will
support 900= or more on a 6’-0’" span and multiply
by correction factor .80 (required for a safety factor
of 3). :

B. P2001 will carry 1100# X .80 = 880#

(not satisfactory)
C. P 1101 wili carry 1230 X .80 = 984#
(satisfactory)

D. Use P1101, deflection will be .27 X .80 = .22.

Determine beam size required to support a 10’ steam
line weighing 740 pounds at the center of a 36’ span,

SOLUTION:

A. Assume a member size of P1001 and read from load
chart a uniform load of 3180#

B. Apply concentrated load factor from Table 2:
3180# X .50 = 1590#

C. Apply safety factor correction of .48,
15904 X .48 =763#

D. P1001 beam will support 763# which exceeds the
740 pounds to be put on it.
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LOAD 1cabp
* *
| |]| i |
Q = END OF |
/5,__)/( MEMBER
g N
*UsteD v Heren

RECOMMENDED RECOMMENDED RECOMMENDED
SECTION LOAD IN LBS.* SECTION LOAD IN LBS.* SECTION LOAD IN LB§.*
P 1000 5000 P 1000 3500 P 1000 8000
P1100 3500 P1100 2500 P1lioo 5500
P 2000 2000 P 2000 1500 P 2000 3000
P 3000 5000 P 3000 3500 P 3000 8000
P 3300 6000 P 3300 4000 P 3300 9000
P 4000 2200 P 4000 1700 P 4000 3500
P 4100 3400 P 4100 2600 _ P 4100 4800
P 5500 5000 P 5500 3500 P 5500 8000
P 5000 4000 P 5000 2000 P 5000 5500

*Safety factor — 2V
CREIGH LCAD TATA RFIT OTUIITAL UL LESTUATY Tk L CTITCTIONS
Safety factor == 2% baosed on ultimate strength of for 12 gouge sections (listed as P 1000), one for

connection. — gauge sections (P 1100), and one for 16 gauge sect
Load diagroms indicate up to three design loads, one (P 2000). .

=ULT PLETE FITTINGS
T P 1000 1000 1bs.
AI’_,-_‘.____' P 1100 800 Ibs.
TIZT TS Both ends P 2000 600 lbs.
P 1065 supported.

PVETY DEGPEE ETTINGS  (When used in position shown)

b
P | 700# '
[T - *i P1000  1500% 1 | Pl000 15
G ¥o--------] Pl100 j0003 i P1100  100¢
= Borh ends! P 2000 750% ‘ . P 2000 100¢
_E supported. :‘z 1 'ih Both ends
[ P 1026 i i 'u:’ supported.
! 1,
o i t, P 1458
l P 1068 P 1579
[ , |
| jal ; H 7
2
e | ) ’ i
“’:—_—‘_{T_—_—_r‘{ P 1000 1000# ‘ {_‘ —! P 1000 2000 Ibs. f V’
' P1100 I I _______ P 1100 1500 Ibs. Ll
| | Paooe ek ' | p2000 900 b "=
_ ! s.
b Both ends! T 500# i Both ends l
P 1026 supported. : supported. i
i !
\P |
t P 1346 P
1 ) ' IR
| iy Lo oy s
| ot PI000 2000 Ibs. ! 2.4 ] Pproo 3000 Ibs, =
1 \D_ o 1 P 1100 2000 Ibs. i } P 1100 2000 Ibs. :;b
§ S P2000 1500 Ibs. ! === = Pp2000 1500 lbs. -
oy E Both ends : Both ends |
1 i supported. i | supported. l :
| i
! ‘ué P 1325 ) P 1331
| P 2235 it P13z 1500¢




Stud Anchors (including nut and washer)
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Kwik-Solls come compiete
size is hole size. Reduce drilling time, drill strain,
worker fatigue and bit costs. Sizes other than those
listed are available on special order for virtually
any fastening requirement.

‘..‘h nut _nd waohar. Boit

Regular Kwik-Bolts Pullout and Shear Values (pounds)*
Catalog Description Size Thread | Min. [Qty, per 2000 psi 4000 psi 6000 psi
Number Length [Embed. Box/Ctn, Puilout | Shear Pullout {Shear Pullout| Shear
5500004 14-158 12" x 15" 10073800
5500008 14-214 4" x 214 34" 11" 1100/800 2800 1653 3350 2612 3350 2389
5500012 14-3 » j 147" x 3" 100/600
« 5500026 38-218 %" x 2" " 154" 1100/600
- " 3/
: 2288852 gg ?; ié X gé %" — 188;283 3580 | 3792 4800 | 5419 5400 | 6266
- - 8 /2
« 5500038 38-5 * | 35" x5" 50/300
» 5500052 12-234 B x 234" 50/300
« 5500056 12-334 57 x 33" " 50/200
- 2500080 | 12-512 1; X 51//; 1% 24" 1 557150 9000 | 8897 12300 {10232 15300 | 11522
« 5500064 12-7 x |17 x 7" 25/100 ' .
« 5500074 58-312 %” X 31/2:' 25/150
- » 121 P
(220000 | eaatE | Zaar o | | 52050 9000 13378 17000  |15437 21000 | 15437
« 5500084 58-812 x| 54" x 815" ,25/75
* 5500096 34-414 3,7 x 4ay,” 20/80
* 5500100 34-512 34" x 515" ., 20/80
L2300 3aEz 3;:: X g;'/ 1 3 | 10740 16000 15195 23500 |18486 23600 | 21009
¢3S - 4 X 2
* 5500112 34-10 = | 3;” x 10” 10/30
5500126 1-6 1" x 6" . " 5/30
so001%0) 19, e, 2% 4% A 18200 |27355 27500  |34491 35000 | 36394
q. * " x 4
5600148 114-9 134" x 97 ) ! 5/15
5500152| 11412 « | 1547 x 127 | 34 S%" | s/1s 26800 |39843 40900 |3s680 42400 | 49596
. . "Average Pullout and Shear Values (Ibs.) for maximum embedment of longest anchor shown. {Shear value is given across threaded
listed section of boit.) Maximum working loads should not exceed ' of the values for a specific anchor size. Actual factor of safety to be
used depends on the application. For comprehensive independent laboratory pullout and shear data for each anchor size at various
766G embedment depths. request Milti bulletin TR 111 *Summary Report—Kwik-Bolt Testing Program.”” Holding values were obtained

"Pipe Hangers”
Engineer for advice.

using Hilti carbide masonry drili bits. If other drilling systems are used, performance should be verified. Contact your Hilti Field

Post Nut Series

Countersunk Roundhead
Qty. per

Size Cat. No. | Desc Cat. No. | Desc box/ cart,
Vo' x 2" 5500176 | C 14-2 |5500228 |R 14-2 100/900
Ya ' x 3" 5500180 | C 14-3 [5500232 |R 14-3 100/900
Yo" x 4" 5500184 | C 14-4 5500236 |R 14-4 100/600
Va' x 5" 5500188 {C 14-5 |5500240 |R 14-5 100/600
3" x 20 'l 5500202 | C 38-214(5500254 |R 38-214| 100/600
%" x 3" 5500206 | C 38-3 |5500258 |R 38-3 100/400
% x 4" 5500210 |C 38-4 [5500262 R 38-4 50/300
¥ x 5" 5500214 |C 38-5 |5500265 |R 38-5 50/300

Post Nut Series Kwik-Bolt also available in 203 Sia
304 Stain'ess Siee! Heads

Super Kwik-Bolts

Super Kwik-Bolts, equipped with two sets of double-
action spring steel wedges, are available on special

order. Special order Kwik-Bolts can be produced for
almost any anchoring requirement. '

inless Steel with

HKT 14 Tie Wire Anchor

Catalog No.
Length

Head Diameter
Min. Hole Depth
Bit Size

Installs with a ctaw hammer. 7/32"
hole accepts large wire and chain
hooks for suspended ceilings and fixtures.

Stainless Steel
N7
Catalog
Number Description Size
= = v ams
5500005 $S14-158 vl x 19"
5500009 $S14-214 Ve X 24
5500013 $S$14-3 " x3
5500027 $538-218 3R x 2%
5500031 $538-234 %" x2%"
11 5500035 $538-312 3" x 314"
I {':| 5500039 $538-5 3" x5
Wl 5500053 $512-234 1/z'j X 23"
5500057 5512-334 %" x 33"
5500061 $S512-512 15" x 514"
5500065 »SS12-7 " x 7"
5500075 $558-312 5" x 31"
5500079 $558-412 S x 41
5500083 S$S558-6 %" x 6"
. » S$S58-812 %" x 84"
5500097 $534-414 347 x 414"
5500101 $534-512 34" x 515"
5500105 $534-7 " x 7
5500109 »S5534.812 3" x BlY"
» Available upon speciai request with 2-3 weeks delivery
5500325 .
2" Boit: Type 303 Stainless Steel
’/g/”" Nuts and washers: Type 18-8 Stainless Steel
3/4‘3, Wedges: Type 304 Stainless Steel
Prices and delivery on types other than Type 303
Stainless Steel Kwik-Bolt must be guoted on an indi-
vidual basis.



Drop In Anchors
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Note: This step, on the 3% to 3 sizes,
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Pre-assembled two-piece design eliminates lost
plugs, assures expansicn even in soft or lightweight
concrete.

Corrosion-resistant zinc plating meets or exceeds
all applicable standards.

Bottom of hole not required to set anchor since
internal plug is set from threaded end. Eliminates
false anchoring and allows either flush or counter-
sunk installation.

Average Pullout & Shear Strength Measurements

e anchor 1 tuny expanded. =~ T 2000 PS1 Concrete [4000 PSI Concre'e [6000 PSI Concrete
ST e Pullout | Shear Puliout | Shear Puilout | Shear
Ava”able in a” popu'ar sizes 1904 1738 2251 1781 3075 3050
3174 3970 4942 4225 5650 5800
Hiiti | Usable | Qty.
Catalog Descrip- [Bolt| pruy I Thread | Per 3997 5873 6751 8224 10200 9350
Number tion |Size | git Dia.| Length | Box 5549 | 8883 9696 |12205 10400 | 13600
5430000 HD!I Va Ya " %" 7/16" 100 ’ 8857 15195 16034 17609 16400 21200
54390016 HDI &~ W V2 A’ 50 )
. " " " NOTE: Maximum working loads should not exceed Va4 of the
. 54 . L -
5490024 HD! Y2 V2 s 11/16 50 average values for a specific anchor size.
5490032 HDI ss= | %" [27/32" " 25 Actual factor of safety to be used depends on the application.
. e " For comprehensive Independent Laboratory Pullout and Shear
" " Y
5490040 HO! %4 2 ! 1% 25 data for each anchor size, reguest HILTI bulletin TR110 “Sum-

Made in USA.@ listed . Approved
767G
“Pipe Hangers”

TSD for Torna {use with TMHK Chisel Holder)

S i DN
TS A TR

TESD for TE-17 (or use with TBA-17 in Torna or
TBA-60 in TE-€0)

Machine Setting Manual Setting

Cat. Mo. Description™ | tor Anchor Cat. No. Description

543543500 TE-SD 6 HDI Y 54354504 HSD §

5454516 TE-SD 10 HDI % 5454520 HSD 10

5454524 TE-SD 12 HDI 12 5454528 HS0D 12

5433CZg | 'TSD 16 HDI 33 5454525 HSD 16
HDt % 5454240 HSO 20

S3A53AL TMHK Chis=i Hoider Reguired

mary Report—HILTI HDI Concrete Flush Anchors Test Program.”
Holding values were obtained using Hilti carbide masonry drill
bits. If other drilling systems are used, performance shou!d be
verified. Contact your HILT! Field Engineer for advice.

prope

HSD (Hand Setting Tool)

Maximum holding power through more uniform
stress distribution in the surrounding concrete
achieved by exclusive smooth design.

Special

Conventional
undercut expansicn
expansion can providas

cause stress

concentrations
in the concre's
ard c.use a
prema‘ure failure wzll of h

unilorm stre
1
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Deiforimance charactaristics
of McCannalok valves

"~ PRESSURE/TEMPERATURE RATINGS PER ANSI B16.34-1977 . .

800 |
s Class 300 =
}
3 ] 6 B 700
AP (PS)) 29 16 7 5
“F(GPM) 1182 1880 3310 4920 500
FV(FPS) |51.4 415 36.8 35 . =
% 500
AP (PSH 29 16 7 5 s
W -
» o N
F(GPM) |1007 1600 2820 4180 2 400
+V (FPS) |438 40.4 a4 26.8 'é:_’ ,
AP (PSI) 43 23 10 8 -
*F (GPM) 931 1450 2550 4020
200
+V (FPS) | 405 3.6 28.4 25.8 : g
A 60 33 14 1 )
P (PSH 100 :
*F (GPM) 798 1267 2200 3425 . i
+V (FPS) | 347 32.0 245 | 220 0 ki £ —
—100°F ' 0°F . 100°F  200°F  300°F  400°F 500°F -
AP (PSI) 87 48 2 17 - : e ’ T
*F (GPM) 663 1052 1860 2950
+V (FPS) |288 26.6 20.7 18.9
AP (PSH 157 88 .40 32
*F (GPM) 552 882 1580 2490
+V (FPS) | 24.0 22.3 17.6 16.0
L150 16 (28 135 {56 | 96 149 | — |265{ — | — | — | —
AP (PSI) 267 154 73 57 .
L151 o5 | 33| 53|72 {121 | 188 | 230 | 360 | 440 | 560 | 985 {1775 }
*F (GPM) 376 690 1119 1740 L300 6la0laolos a0 18] — | — | -] = | =1 = k
+V (FPS) | 163 17.4 12.4 1.2 L3019 25 | 37|68 |95 [144 |220 [322 430 | — | = | = | = F
AP (PS]) 455 278 140 105
*F (GPM) 192 334 616 943
+V (FPS) | 835 8.43 6.85 6.04
AP (PSI) 740 518 287 200
*F (GPM) 44 80 159 226
+V(FPS) | 199 2.02 177 1.45
AP (PSD) 740 740 350 ags
*F (GPM) () 0 0 ()}
+V (FPS) 0 0 0 °

- o LA g g G ]
;“tWhen maximum working”;ressure will no
< 50 psi, handles be supplied for 107
. -Consuit factory SR v
" Note: These va re calculated for the most ¥z
. unfavorable condition which occurs when the valve s
£ instalied with the seal retainer downstream; s ijncs
_* F = Flow rate {water) at indicated pressure dro
" 4+ ¥ = Fluld velocity in Schedule 40 pip

_ flow rate. ST




APPENDIX D

- Suction Header Tests

-65-



APPENDIX D

~66-
A-Sector Suction Header Operational Tests, 1982

The 8" suction header tests initially develope& from the need
to know the peak pressures in tihie 8" header during £ull sector
guenches. The peak pressure values could establish the need to
utilize the auxiliary tunnel relief valves. These valves had
been included in the initial header design to limit the pressure
rise to 45-60 »sig., but it wzs hoped that their use could be
avoiceld lkoth from an operational/safety point of view, and the
ccst to fabricate and install them. Previcus testing at B12 had
x pressures were at levels which would require the
auxiliary tunnel relief valves, thouch some doubt still existed
peczuse of the physical differences between the B12 and the tun-,
nel header. The A2 cryoloop 8" header was instrumented with

strain cage pressure transducers, temperature sensing diodes,

3]

and a linear :

4
t

otion potentiormeter to measure the dynamic pipe.
novement due to cas flow and the movement due to temperature.
Their locations in the A2 cryoloop are shown on Figure 1. " Note
that the pressure transducers at 21-1 1§ and 28-5 14 were_iﬁ%
stalled on the magnet side of the Kautéky relief valve to monitor
peak pressures in the magnet cryostats. It is known from Bl2
testing that the actual cryostat peak pressure is some 15 psi
abcve the_pressure as measured with the pressure transducers
ahead of the Kautzky relief valves. Signals from all the trans-
ducers were routed to an eight channel chart recorder, typical out-
put is shown in Figure 2.

The pressure data collected from full sector quenches with

magnet currents of 1500, 2250, and 2600 A led to the conclusion



\

-67~-

ct

nat the vertical leg from the tunnel to the A2 relief valve was
the major item limiting flow out o0f, and increasing the pressures
in, the tunnei header. The data also indicated that proceeding to
4000 A £full sector quencies would, in all probability, cause header
pressures to exceed 100 psig design pressure limit. The pressure
éata guench current dependence decided the issue in favor of in-
stalling the 45 psig relief valves. Testing continued with the
relief valves installed, in full sector guenches of 3000 and 3350 A.
Projections Ifrom the data for these quenches indicated that the 45

)

psi tunnel relief wvalves would maintain peak header pressures be-

U

y

low 90 psig at 4000 2, see Figure 3.

The 8" header motion transducer full sector guench data Q;s
reviewed for motion along the 200 feet length between expansion:
joints in the direction of ths éas flow. No motion was seen dur-
ing the pressure spike in the header on full sector quenches and
only 1/4" of movement was detected on an asymmetrical one house

quench. That quench of cells between Al5 and A25 tested the

pressure drop across the loop in the 3" header at the feedbox

H

W

egion. A pressure drop of greater than 10 psi would havé‘féquifed
aéditional lateral restraint at the feedbox regions, but no measure-
able pressure drop was detected.

Temperature changes of the header during full sector guenches
were observed to be less than 50°K. This corresponds to the ex-
tension of each expansion joint by approximately 1.25" well within
the 2.0" working range, if the three expansion joints in a 400 foot
section equally share the contraction of the beader. This sharing
of contraction was verified during Kautzky valve "opening verifi-

cation" tests when Kautzky relief valves were opened allowing cold
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gas to anter the header. Ileasurements of each expansion joint when
+ne header was cold and when it had warmed showed strokes of 1/4"
to 1/2" with each expansion joint returning to its initial position
within = 1/8".

The temperature data showed that the header *emperature drop-
ped below 220°K during the 3330 A full sector quench. The cause
was a s:tuck Kautzky relief valve adjacent to the temperature sen-
sor. This situation is similar to initiating a quick cooldown
through the lf stool relief valve. The header showed minimal nove-
sent in this occurrence.

Conclusions frcam these initial tests of the 8" header indicaﬁe
~hat auxiliary tunnel relief valves will be reguired for full;poﬁf
er oparation cf the Saver. These valves, set at 50 psig, will
ceause venting into the tunnel oﬁly for full sector guenches..- The
headers basic design features are adequate and anchors, braces, and
rackets will be uniformly sized to allow 100 psig operation.

Zs a side néte o0 these recent tests, preliminary‘cbo;down
tests on the 8" header were performed a year earlier. These
earlier header tests monitored header movement as the liquid helium
inventory of the A2 magnet string, approximately 700 liters, was
dumped into the header through the cooldown valves located at each
end of the magnet string. The time required to dump was approxi-
ﬁately 35 minutes. During this time, each bellows was monitored
visually for motion. The results verified that all bellows share
pipe contraction in a given section and upcn warming return to
their initial state. Maximum bellows stroking was 1%". Another

part of this test was to monitor header elevation to see if any
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vertical bowing of the header would occur due to differential
contraction between the top and bottom of the pipe as first
cbserved at Bl2. Bowing was observed at one end of the magnet
string during the header cooldown. A 40-ft section of header
lifted 2 in. immediately downstream of the cooldown valve. The
opposite end of the string did not see this bowing. This is bélieved
to be due to more turbulent flilow and less stratification of the
helium in the header. The regicn where the bcwing was observed
nad no cther flow than that from the.cooldown valve. This was not
true at the other cooldown valve region where both the refrigerator
return flow and the warmed-up helium gas from the other ccol-
dcwn valve passed throuch the header at this region on its way
toward the compressor station. The magnitude of this bowing was.
not considered great enough to affect the header as bracket design
can tolerate higher loading and flex hose vertical clearance
is approximately 4 in. In addition, the probability of having
the headers flow null point adjacent to the cooldown region_
should not be a usual occurrence.

In establishing an operating limit for the 8" header of.
100 psig, consideration had to be given to the pressure drops in
various locations under Quench conditions as well as the peak
pressures which generate gas flow. Aided by the A-Sector testing,
the header was reviewed for operation. Table I lists principal
elements in the tunnel 8" header installation and conclusions

drawn from their analysis and review,
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APPENDIX E

- A-Sector -
Quench 1log.

A-Sector header and single phase pressure data for
A-Sector quenches other than full sector.
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INSPECTION/TESTING

8.1 Fermilab representatives will monitor and inspect the
installation as it proceeds. Any part of this specifi-
cation not being followed will be reported to the Sub-
contractor for corrective action.

8.2 Areas that may require field discussions will be
addressed immediately by the appropriate Fermilab
personnel.

8.3 The final installation will be pressurized to 5 psig and
all joints bubble checked for tightness by Fermilab
personnel. Any leaks discovered, exclusive of existing
work, will be repaired by the Subcontractor at his
expense. '

8.4 Any incorrect installation, poor workmanship, equipment

loss or damage, material loss or damage, will be
corrected by the Subcontractor at his expense.

QUALITY STANDARDS

9.1 All welding will conform to current ASME Boiler and
Pressure Vessel Code latest revision and Petroleum
Refinery Piping ANSIB31.3 latest edition and
subsequent revisions.

9.2 Weld procedure shall demonstrate that all details are
satisfactory for obtaining full penetration for all
welds. This includes proper purge, proper heat, adequate
shield gas, proper use of filler material, etc.

9.3 Welding equipment used in production shall be equivalent
to that used for qualification as specified in 9.4 below.

9.4 All welders must be qualified by Fermilab tests. Passing
these tests is a precondition to any welder performing
services under this subcontract. The welding qualifi-
cation tests specified in subparagraphs 9.4.1 through
9.4.3 below must be performed at the Fermilab Machine
Shop under the supervision of welding shop personnel
who will judge the samples.

9.4.1 "T" Weld Test

Weld two plates 43" long by 2" wide by .060"
thick, made of 304 stainless steel to form a "T".



9

9.

.5

6

9.4.

9.4.

2

Lap Weld Test

Lap weld two plates 4" by 2" by 1/16" along the
4" length. This weld is to be a fuse weld using
no welding rod. There should be good root
penetration with no burn through.

Tube Butt Weld Test

Butt weld two 4" diameter, 6' long, .065" wall
300 series stainless steel tubes with 100%
penetration. Tubes to be mounted stationdry
during welding with axis horizontal.

Criteria for passing Fermilab weld tests are:

9.4.4.1 Weld surface convex to slightly concave.

9.4.4.2 Proper technique.

9.4.4.3 Proper penetration control.

9.4.4.4 Prdper gas coverage.

9.4.4.5 Proper heat.

9.4.4.6 Absolute leak tightness, tested with a
mass spectrometer leak detector capable of
detecting a minimum detectable leak of
2 x 10-? std. cc/sec helium as defined in

American Vacuum Society tentative Standard
2.1.

Only use austenitic stainless steel wire brushing or

planishing to condition welds. Do not polish or remove

surface weld material.

Final installation to be internally free of all chips,
dirt, and weld slag.

-82-
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APPENDIX G

Kautzky Valves: A - Sector Tests

Kautzky Valve replacement procedure

-83=-



XIV. KAUTZKY VALVES: A-%ectorr 7o Tfc
-84
C. T. Murphy

The A-Sector Test afforded the opportunity to test a large

kY

number of the Mark III version of the Kautzky valve®undar the

-h

duress of a smzll number of hich-pressure gueaches and true

"£i01d3" conditions. This testing ccmpliments the tests at NTF,

.

wmere a few valves (about 13) have endured many hundreds of

c:enches, mostly in the shunted dump resistor mode, i.e., at
~oderztely low pressures. The guantitative result of the fail-
-ve stz=tistics caihered is that a lzrk III valve has & 1.2%
crcoakility of failing to clese, aitexr cpening during z cuench,
im & manner that recuires either immediate or next-down-aday

imprevemenis which reduce the number of screws, nuts, washers
ané G-10 pieces burped out throuch the valve by the m;gneés
éuring & guench, and improved controls on the alignment and.
torcus-down procedure on the manifcld connecting the two soool
oiece valves to thé 3" flex hose, should reduce this Ifzazilure prcb-—
zbility to about 0.2%. (See Fig. 1.)
rhe fact that flaws in both the Mark III valve and the early

macnets installed in A-Sector reguired 13 Val§e changes finally
forced us to invent, test, document, and train +echnicians to
perform the sensitive procedure of changing a valve under "cold"
(20°%) conditions. The procecdure is guick, has been mastered by
zabout c£ix people; and declared acdeguately safe by Accelerator
_safety personnel. Failure on one Iront has led to success on 2

gifferent front.
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Tae details of the £

fu

ilure s

(l

tétistics are as follows.' There

were l46§alves in A-Sector mounted on the 1§ or 2g relief ports.
which cpen during quenchesAabdve about 1000 amps in curfent. Each
valve opened at least 9 times and at most 22 times, for a total of
1922 valve openings, curing which 2¢ helium flowed violently through
the valve. The total number of valve failures (includin ng twice

those velves which failed twice) was 24. These fzilures can be

No. 0f Fzilures Cause
7 Zroren stem welds in valve
4 Leaks to tunnel throucgh O-ring on
S200l, piece 1 valve

3y
m
|-
|
[

vres which will eventually be cured:

1l Popret improperly secured to foot

° Valve cured wlthou; replacement by
torching and "popping"

3 Valves removed after failure to
reset after torching and Donoing,
had macgnet hardware imbedcded in poppet

Discussion

These failures warrant some discussion. The first one, "broken
stem welds", was anticipated and already cured at the design ang
fabrication level before the A-Sector tests, but we hzd to use exist-
ing, obsolete valve actuators. When a stem weld failed, the valve
failed unsafe (closed, will not open during a ‘quench). This failu:e
was detected by a sudden increase in the flow from the control pres-
sure bottles?!(a leak of warm helium into the 1§ systenm through the

broken weld.). In the Mark IV version currently being assembled,



nd failure mode, "lezks to the tunnel *“hrcuch O-ring

of valves last summer. The leaking joints were found

[
on the spool piece 1§ valve" were clearly 2 result of very hasty
n clamps which were extremely locse, and in 21l four

(1]
m
-

cl
3
o
} ]
({1}
{»
v
’ 1]
vl
()]
[N
(4]
$e
J]
r
p;
[1}]
o)
)
'-.I

$ joint-between the spool
Tiece Ilaznge and the Xautzky vazlive. The two»Hautzky velves on the
'seocl tisce [(1F, 2F relief) connect to a common manifold zné mus+t
uing oZ the Marmon clamps.

This alignmint and terguing precedure will be more carefully con-

Wine valve failures to reseat with leaks through the poppet.

were solved|by a ccmbination of thawing the frost with preopane

e lins. "Popping" the valve open was intended to
movable cebris trapped between the poppet zand. ‘the

v, if trzpped debris was the cause of the valve not

fully closing. Znother possible cause of a valve failing to.close

-

H
Ih
F
o
[{)
v
(9]
t
[#
r'-
(o]
H

cld is called the "ali gnment probleﬁ"
sheft is not concentric with the body sezt by an amount between
about 0.020" and 0.0307, the valve will sezl well at room tempera-
sé‘of the loose fit between the polvethylene porpet and
oot), but will not seat well cold because the loose fit
has become |a tight £it. By torching the aluminum body until it is
a little above room temperature, and hopefully warming the poppet,
then "popping” the valve open once gives it a chance to reseat warm.

-~ -~

Of the nine failures, at least four were definitely caused by

can still occur, but the valve will fail szfe (i.e.,—86—
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trappad debris. This is known because later inspection of the voo-

cets chowed clear ”footprints":of indentifiable objects on the Pop-
pet: 6-32 threads or a star washer. At least one was clearly a
misalignment problem: the valve ressated suddenly while we were
torching it, with an audible "crack". The other four instances

can be attributed to either problem. Two of the poppets had defi-

nite notches on the seating surfzce (bu:t so do most valves which

come back Ifrom HTIF azfter hundreds cof cycles, none of which failed

ter a cuench). The other two poppets appeared gquite
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ware firmly welced between thevpoppet and the body: z piece of G=10,
2 €-32 screw, and a 6-32 nut. This hardware was used prior to mag-
net number 528 in the instrumentation lead tie-down system. Since
then this hardware hes been either rivetéd, "staked", or.sécuréd
with Locktite ;Oé'(éee memo from J. Carson to T. Murphy, dated
Epril 14, 1882). However, most of the magnets in A-Sector have
serizl numbers Dbelow 528.

By way of contrast, 16 valves of thié same versicn have en-
cered a total 3300 cguenches at MTF without a singlé fzilure of this
kind - failure to resea® after a guench. 2t MTF, the magnets all
hed serizl numbers greater than 528. Both the MTF experience and
our own data (indicating that as many as eight of the nine failures
micht be the result of trapped debris) suggesé that the failure-to-
close problem will eventually co away in the turnel.

.

The most troubling failure occurred only once. A poppet be-

-’

ctame detached from the actuator foot, failing unsafe (i.e., the
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valve remained closedé during several guenches). Post-nor:ienm analysis
oy Tom Peterscn revealed that the snap-ring had not been properly set
in the groove of the poppet, came loose, and after being once sguashed
into the poppet (its footprint was clearly identifiable), was flushed

into the header. The groove in the poppet showed no signs of having

»roken away, which led to the conclusion that the snap-ring was never
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overed because the valve faile

.

she2n th2 contrel oressure was removed. We know that it hzd beasn fzil-

£z11 Xlixons on each valve - 2s planned - to prove in each cuench’

Xy valve openad,

In Fig. 2, the velve failure rate is plotted zs é'function'of
cumulative vealve openings. The greph suégeéts that the rate of fail-
ure wes declining towards the end of the run. £ this decline is
real, it would confirﬁ Koepke's gualitative cbservation at B-12 that
most of the loose debris in magnets is blown out during the first
ten or so quenches.

By waf of conclusion, let us mazke a somewhat speculative pro-
jection of the failure rate expected in the next cryocenic run, thg
E-F Sector Test. Weld stem failures will not occur, nor will leaks
throuch O-rings to the tunnel. Let us assume that failures to re-

seat because of irapped debris will be recduced by a factor of three

as a result of improved magnets, and that the valve alignmant problem



is eliminated
would then be about 4/1892 =
full-cell guench.
would then expect to have to service

four days.

Procedures For Chancginc Valves

Procedures and special tools were invenieé (see ref.

the A-Sector run which permit changin

Viidam o

moment, the job recuires two trained
ané two
console bf walkieftalxie
time of
ing procedure.
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the tunnel if 3

s not pZomptly
2s an OZH class 2 job. At the
techniciazns who do a2ll the work

communication with the Tevatron

‘total access

1/2 hours, but cnly 20 minutes for the actual chang-

"Doubler Kautzky Valve Supply Manifold Adjustment
ions Bulletin No.

877, April 9, 1982.

C. T. !urphy, "Rules and Procedure ifor Xautzky Valve Change in

Tunnel under Cryogenic Condifions", to be published.

1982.
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no. 1 through 6.

C. T. Murphy, "Rautzky Valve Problems in Tunnel", bulletins
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C.T.Murphy
KAUTZKY VALVE REPLACEMENT PROCZDURE UNDER CRYOGENIC CONDITIONS

Necessary Personnel

The three-man team actually charging the valve must be led by a
Cryogenic Expert or a Senior Cryocenic Operator who has participated
in a cold valve change at least once and who is capable of operating
and reading the refrigerator locally, and is on the approved list.
The second must be a Cryogenic Operator, Level 2 or higher, who has
narticipated in a cold valve chence as an cbserver and is on the
epproved list. The third team member can be & novice for whom this
perticipation is regarcded as 2 ireining session. He can lend a hand
if anything goes wrong.

The above three-men teem must be zccompanied by & safety officer
fzmilier with this prccedure whocse responci“11ities gre to moniter
cxygen, cdouble-check thet the reguired sc.euy apparatus is in use,

egnd rescue assistence in ihe evs n; et en injury or emercency. He has
the authority to tzke charge of zborting the mission if in his
judoment &n emergency situetion has developed. In additicn, there
should be a fifth person present tc meintein communicetions with the
Coubier console in MCR by telephone or welkie-talkie znd who can

cell for acdditional help if ar emergency develops. This person should

be familier with, but not expert in, the c¢ryogenic system and
terminology.

Necessary System Conditions

The cryogenic team leader must personally verify that the following
system conditions have been achieved:

E. Helium Valve Change -

1. The bypess velve (EVBY) must be put in local controcl and
opened 100%.

2. The upstream and downstream 1§ system must be brought to
2 pressure of less than 2-1/2 psig and a temperature of
greater than 20°K. These 1imits may be changed with the
approval of the Cryogenic Safety Officer (C.Bonham or his
designate) as we gain experience.

The suction (header) pressure must be maintained at 2-1/2
psig or less. Since this pressure cannot be put in local
control, communication with the Doubler console is necessary
at certain points in the procedure to confirm this pressure.

4. The supply valve to CHL (EVLH), the upstairs JT (EVJT), and
the high pressure helium supply valve to the refrigerator
(MVIO1lH) must be closed and put in local control.

5. The two tunnel JT valves (EVUH, EVDH) must be open and put in
local control.

(3]
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B. Nitrogen Valve Chenge -

1. The LN2 supply valve must have been closed for two (2)
hours and put in local control. (EVUN or EVDN.)

2. The LN2 pressure must be less than 3 psig. (PI-21 or
PI-22.)

Necessary Safety Equipment

A1l persons entering the tunnel will be equipped with personal
oxygen monitors and escape packs, &s usugl.

The three-man cryogenic team will be equipped with lined leather
cloves, full face mesks of the type with fiberolass chin guards, and
two layers of arm and check protection (e.g., shirt and light coat,
both with full arms, of any material). The face masks must be in
place prior to any anticipeated venting cf warm or ccld gas. The
lined leather gloves méy be removed only when cold gas is not being
vented into the tunnel.

hecessary Briefting

The three-man cryogenic team will "teik through" the latest version
cf the valve changing procedure in the presence of the safety officer
prior to entering the tunnel, in order tTo assure that everyone
involved .is somewhat preprocrammec to d¢ his Jjob without ciscussicn,
end to clarify each person's role &nd tesks.

mhr
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APPENDIX A
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COLD KAUTZKY VALVE REPLACEMENT PROCEDUXE FOR DIPOLES AND HITROGEN

New valve has 15 psig temporary pressure line to actuator

Man B

Undo Marmon clamp-.
Drop clamp, grab plunger-

Insert plunger into magnet.

Remove plunger.

Pressurize new
poppet).
clamp.

K-valve (close
Install new Marmon

Tighten Marmon clamp nut on
magnet-K interface, 80 in.-1bs
torque.

Disconnect permanent flex hose
from old K-valve.

Marmon clamp flex hose to new
K-valve.

Remove temporary pressure line
from new K-valve and valve off.

Thread and tighten Swagelock
nut on copper line to new
K-valve.

Prep Work:
with ball valve in pressure line
Man A
0. Connect portable bottle to new Kautzky valve.
1. Hold old valve; press in hard.
2. ! 5
3. Remove o01d valve (still i
pressurized, still attached to ;
flex hose). §
6. Cap megnet side of old K-valve §
and aitech Marmon ctemp ( 5 1bs
force to ficht).
5 Gresp new K-valve end position
self to insert; check that poppet!
_ is open. i
6. '_Inseft new K-valve to magnet;
push hard.
7.
\4
NG
8.
v ;
c. Thaw new Kautzky with propane ?
torch. §
10. Grasp permanent fiex hose and ;
.old vealve. g
11.* Move flex hose to new K-valve. ;
i2. Remove copper pressure line E
from old K-valve and thumb shut. ;
13. Insert copper line to new K-valvel
]
14 Snoop Swagelock joint Jjust
installed.
15. Reduce control pressure to 30
psig if necessary.
16. Razise 1§ pressure to 10 psi,

inspect new valve for leaks.

!
H
H
1
i
1

*During these steps, helium is escezping into the tunnel.



10.

11.

12.

APPENDIX B
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COLD KAUTZKY VALVE REPLACEMENT PROCEDURE FOR 1 OK SPOOL PIECE

— D ——

19
bolt

_ bolt

e

205 o 189S - clamp and flange
v o
bolt 2
——\\‘24;1 = bolt
20M _J//}p
MARTFOLD é%
Man A Man B

Loosen clemp 28S until it can
rotete (slide on O-ring).

Remove clamp 1PM

S1ip wedge cep onto manifold
flange 1@M.

Hold and push 1€ valve body
towards spool.

Remove Kautzky 10 valve.

Clean O-ring seat on spool
piece flange 1@S.

Insert new K-valve and push hard.

Loosen clamp 2PM until it slides
on O-ring (if necessary for
realignment). :

Remove wedge cap from 1§M.

Install* Marmon clamp on 1PM.
Tighten clamp loosely.

(over)

Attach new valve tc portable
gas bottle. Do nect pressurize.
Attach and pressurize portable
bottle to. 2¢ velve.

Push up on underside of manifold
under 1§ valve.

Pull down on menifold, rotating
about clamp 2@S.

Remove clamp 18S.

Pick up
plunger. '

Insert plunger into spool.
Remove plunger.

Pressurize new K-velve with
portable bas bottle.

Install* new Marmon clamp at
18S; tighten loosely (seal, but
can still slide).

Push up on manifold to sezl the
joint at 1@M,

!
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Man A .",tan 5
13. Torque all clamps to 80 in.-1bs Reconnect ccppsr pressure lines
in the following order: 1S, 22S, to the two valves. (areful:
20M, 19M. the two copper lines are not
interchangezble The copper

line to the 1f coes through
a solenoid vaive.

14. Snoop both Swagelock joints just
installed.

15. Reduce control pressure to 30
psig if necessary.

16. Razise 1¢ pressure to 10 ps

ig
inspect both valves for leak

>
S.

*the direction in which the protrucing bolt of the cl
importent; see Fig. 1. On flenges ZpF and 1¢M¥, ithe b
on the spool side of the vealve {not the zisle s1ce)

Eu: roints is
cit sho

uld be
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February 28, 1983

TO: J.R. Orr

FROM:  R.W. FastCAg#7mel

SUBJECT: Operation of Sections FE & F above 2 kA

We have reviewed your transmittal of February 25, the '"Murphy-Misek Report' and have
the following comments:

a) The authors consistently state the the 8" parallel-plate relief
device at the compressor is set to crack at 12 psig (e.g., page 1).
If the relief valve in mind is SV-003-H, the cracking pressure
given in other documents and flow sheets is 6 or 7 psig and never
12 psig. :

b) There appears to be a significant typographical error on page 13,
where the probability is given as 1/77, which should probably be
1/177.

Aside from these items we find the report to be very thorough and have the following
recommendations:

1) We urge that the question of a failed regulator be pursued (page 14).

2) We are glad for your concern regarding stuck Kautsky valves, but
we do not feel that we are qualified to recommend a specific scheme
to determine if the valves are operational.

3) We question whether the provisions and recommendations of the report
have been fully implemented in Sectors E and F. Specifically, in
page 15 it is said that snow protection have been installed, yet
our on-site inspection revealed that they had not. We also wonder
about the various brackets.

4) We recommend that Appendix A be completed,
In summary, we feel that we can now recommend that you authorize the operation of

Sectors E and F to full current, with the above six items corrected and/or imple-
mented in the near future.

RF/tg
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-To:
From:

Subject:
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March 9, 1983

Ron Fast
Rich Orréffzf// ’

OPERATION OF E AND F SECTORS ABOVE 2kA (THE “MURPHY-MISEK
REPORT" - YOUR MEMO OF FEBRUARY 28, 1983)

Following is our response to the questions/comments posed in your
memo of February 28, 1983: v

a) The valves referenced in the "Murphy-Misek Report" are

b)

SV-400-H and SV-403-H which are set at 12 psig.

A revised page 13 is attached on which "1/77" has been corrected
to "1/177."

-The regulator which supplies control pressure gas to the Kautzky

relief valves is a Victor Model VTS-450B. The only failure mode
conceivable is the deterioration of the elastomer seals in the
two stages of regulation. The worst-case situation would be

both seals vanishing simultaneously; this is highly improbable.
Slow deterioration of one or both seals is, however, a more ‘
1ikely occurrence; this would be discernible since there would be
a decreasing ability to regulate to any pressure.

A test was performed to confirm the ability of 50-psig relief
valves to handle the gas flow from a failed regulator. A spare
control gas panel was connected to a high-pressure helium bottle
as is typical in a normal installation. Since the Kautzky relijef
valves and copper lines would not significantly affect the test,
they were excluded from the setup. The regulator was then failed
intentionally by the removal of the elastomer seal from both the
first and second stages of the regulator. The regulator flow was
then.1imited by metal orifices of the valves.

The results of the test were as follows:
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March 23, 1983

TO: Ron Fast
FROM: R. Orr

SUBJECT: Appendix A, Safety Analysis of the 8" Low Pressure
‘ Helium Header System

t+tached are four copies of Appendix A (header calculations)
to the Safety Analysis of the 8" Low Pressure Helium Header
System paper which was transmitted to you by my memo of Feb-
rvary 25, 1983. '

RO/ew

cc: W. Fowler
T. Murphy
J. i sek
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February 25, 1983

To: Ron Fast ng;/’______,,,

From: Rich Orr 2.7

Subject: SAFETY ANALYSIS OF THE 8" LOW-PRESSURE HELIUM HEADER SYSTEM
FOR THE ENERGY SAVER

Enclosed are four copies of the subject report as requested in your
memo of November 19, 1982, (Additional Documentation Needed for Phase 4
and 5 Approvals). Appendix A, Header Calculations, is not included at
this time since it is not yet in a completed form. It will be transmitted
to you by March 4, 1983.

cc: T. Murphy
Sector Cryogenic Safety Review Panel Members, w/encl.
J. Misek :
L. Read



